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1.0 INTRODUCTION
The Environmental Engineering Division (DTS-33) of the J o h n A. V o l p e National
Transportat ion Systems Center ( V o l p e Center) is providing environmental engineering and
contaminant removal support for the Libby Asbes to s Proj e c t to Region 8 of the U . S .
Environmental Protection Agency (EPA). The V o l p e Center and their contractor, CDM Federal
Programs Corporation (CDM F e d e r a l ) and its subcontractor, P a c i f i c Environmental Services,
Inc. (PES), along with the V o l p e C e n t e r ' s removal/demolition contractor, MARCOR
Remediation, Inc. (MARCOR), have been requested by EPA to provide the necessary technical
support, equipment, and other services to implement and complete a time-critical removal action
at Operable Unit 02, the Screening Plant Area formerly operated by W.R. Grace Company near
Libby, Montana. The V o l p e Center is functioning as coordinator of this e f f o r t , consolidating
information provided by CDM F e d e r a l , P E S , and MARCOR.
T h i s document serves as the S a m p l i n g and Analys i s Plan (SAP) for confirmation sampl ing of
soil , and perimeter and personal air for asbestos for the Operable Unit 02 removal action. T h i s
SAP de f in e s sampl ing and analytical procedures to be used for conducting the soil and air
sampl ing at this site.
1.1 SITE B A C K G R O U N D
The town of Libby is located in the extreme northwest corner of Montana. According to
historical mining records, up to 80 percent of the world's vermiculite has come from the W.R.
Grace Vermicul i t e Mine located on Zono l i t e Mountain located approx imat e ly seven mile s
northeast of Libby. Vermicul i t e is a mineral that is used in various bu i ld ing materials and
t ex t i l e s . Disseminated within the enormous depo s i t of vermiculite on Z o n o l i t e Mountain is the
mineral tremolite, a rare and exceedingly toxic form of asbestos. Over the roughly 60-year l i f e
of the mine, tremolite asbestos was released into the environment and p o t e n t i a l l y in the town of
Libby as a by-product of the mining and ore-processing activities. The Zonol i t e Mine began
operation in 1924 by owner Edward A l l e y . In 1925, Great Northern Railroad s h i p p e d the f i r s t
boxcar of "Zonolite" from Libby to an Ohio company that used it to insulate bank vaults, o f f i c e
s a f e s , and f i l i n g cabinets. Other f i rms used the material to make b u i l d i n g boards and r o o f i n g
materials.
Processing the material was straightforward. The vermiculite ore was s tr ipped from the mine
and hauled in trucks to a m i l l , where it was separated into various commercial sizes through a
screening system. Some of the ore was sh ipped untouched. Other material was sent to an
expansion plant where it was run through ovens at about 2,000 degrees, causing it to expand to
15 times its original size. In 1939, Zono l i t e merged with another company mining at the bottom
of the hi l l that eventually became known as the Z o n o l i t e Company. In 1963, the company was
sold to W.R. Grace Company who expanded the operation and increased product ion. Through
the '60s , '70 s , and '80s , mi l l ions o f tons o f vermiculite ore was s h i p p e d by rail t o W.R. Grace
p l a n t s and other companies in 30 states and six f o r e i g n countries. At one time, 80 percent of the
world's vermiculite came from Libby, Montana. Pi l e s of vermiculite waste materials remain
near the mine and processing f a c i l i t i e s in and around Libby, Montana. V e r m i c u l i t e material s
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were also used by local citizens as fill, covers on ball parks, gardens, and home insulation. T h i s
toxic asbestos has been known to have detrimental a f f e c t s on former workers at the various
f a c i l i t i e s and may po t en t ia l ly be a f f e c t i n g the health of Libby residents. Due to this potential
threat to human health, the EPA requested emergency environmental response support from the
V o l p e Center.
Asbes to s f i b er s are odorle s s and taste le s s , and d i f f e r in length and structure and chemical
composition. Fiber s are microscopic and nearly indestructible. They do not evaporate, burn or
dry out f r om heat, or erode in water. T o x i c i t y of d i f f e r e n t types of asbestos varies, but exposure
to any one of them can be f a t a l . T r e m o l i t e , the form found at Libby, is considered by many to be
the most toxic.
The human health risks associated with asbestos f iber s released in the environment are:
• Malignant mesothelioma, a cancer of the pleural or peritoneal cavity. In early stages of the

disease, cancer is found in the lining of the chest cavity near the lung and heart or in the
diaphragm. Mesothel ioma may spread to tissue surrounding the lungs or other organs.
V i r t u a l l y all mesothelioma cases are attributable to asbestos exposure.

• Asbe s t o s i s , the scarring of the tissue of the lung i t s e l f f rom inhalation of f ibers . It ranges in
severity from mild impairment, to d i sab l ing and eventually f a t a l .

Asbe s t o s and smoking both cause lung cancer, but a history of smoking combined with
occupational exposure to asbestos creates a much higher risk of deve loping the disease.
1.2 PROJECT O B J E C T I V E S
The primary objec t ives of the Operable Unit 02 removal action are to:

1) Demolish structures contaminated by asbestos and remove, to the extent p o s s i b l e ,
all contaminated debris, p i l e s of vermiculite, and s o i l s f r om the s i te;

2) Monitor personnel and ensure that airborne asbestos f i b e r s are being p r o p e r l y
contained within the removal action area; and

3) Leave the site in suitable condi t ion for reuse with no land use restrictions.
Prior to this removal action, all previous sample co l l e c t i on was p er f ormed under the Sampling
and Quality Assurance Project Plan, Revision 1 for Libby, Montana, Environmental Monitoring
For Asbestos, Baseline Monitoring for Source Area and Residential Exposure (EPA 2000).
Among ob j e c t iv e s of this initial invest igation were to r a p i d l y co l l e c t p i l o t - s c a l e information on
airborne asbestos levels and data on potential source materials in and around the Libby area.
W h i l e certain feature s of this p lan remain a p p l i c a b l e to the Screening Plant removal action,
d i f f e r i n g p r o j e c t ob j e c t ive s , more s i t e - sp e c i f i c information, and addit ional sampl ing procedures
required the development of a new SAP for this e f f o r t . The primary objec t ives of this removal
action SAP are to:
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1) Conf irm that asbestos-contaminated p i l e s and soils have been s u c c e s s f u l l y
excavated from Operable Unit 02;

2) Monitor the perimeter boundaries of the site to determine the concentration of
asbestos f ibers in air during this removal action; and

3) Monitor MARCOR and other personnel, as necessary, to determine exposure to
asbestos f i b er s in air.

1 . 3 P R O J E C T O R G A N I Z A T I O N A N D R E S P O N S I B I L I T I E S
Organization and re spons ib i l i t i e s s p e c i f i c to this investigation are l i s t ed in this section. For this
data co l l e c t ion e f f o r t , key management personnel are as f o l l o w s :
Individual
Paul Peronard
Chris Wei s
Jude Hobza
J o h n M c G u i g g i n
Owen Clark
T i m W a l l
Bob Alexander
Mike Hutchinson
Brian Stewart
Greg Parana
George D e L u l l o

R o l e / R e s p o n s i b i l i t y
EPA On-Scene Coordinator
EPA Regional l e x i c o l o g i s t / S c i e n t i f i c S u p p o r t Coordinator
U S A C O E On-Site Construction Representative for EPA
V o l p e Center Proj e c t Manager
MARCOR Projec t Manager
CDM Federal Task Order Manager
CDM Federa l F i e l d Team Leader (soi l and air)
CDM Inc. F i e l d Team Member ( s o i l )
PES F i e l d Team Leader (air)
PES F i e l d Team Member (air)
CDM Federa l Quality Assurance Coordinator
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2.0 SITE B A C K G R O U N D
It is estimated that tons of asbestos were released into the air during more than six decades of
vermiculite mining at the Zonoli t e Mountain mine, three miles east of Libby, Montana. The
W.R. Grace Company, which owned the mine for 30 years, closed it in 1990 and sold its
proper t i e s four years later.
The former Screening Plant Area, designated by EPA as Operable Unit 02, was util ized by W.R.
Grace Company to sort mined vermiculite by grade. The Screening Plant Area, also referred to
as the "Railroad Loading Station" or "Raintree Nursery" in previous investigations, is
approx imate ly 21 acres (according to county records) in size. Located hi the northeast side of the
Kootenai River, the site is approximately 4.5 miles northeast of Libby. Vermicul i te was
transported to the Screening Plant by truck f rom the mine, located several miles up nearby Rainy
Creek Road, and sorted and stored in two sheds at the f a c i l i t y . The vermiculite was then loaded
onto a conveyor system and transported across the Kootenai River to the southeast bank for
l oad ing onto railroad cars for transportation and distribution to various expansion p l a n t s ,
including the Export Plant in Libby (designated by EPA as Operable Unit 01). The site was most
recently operated as a plant nursery, s e l l i n g nursery-related produc t s and storage for nursery and
related s u p p l i e s , as well as providing leased storage space for recreational vehicles, boats,
automobiles, and other items.
Existing structures at the site consist of an o f f i c e / d w e l l i n g ar^Tattached solarium, f ive or six
commercial green houses, a shade house, a large shed former used for ore process ing, a smaller
open-front shed, several auxiliary buildings, and a mobile I j o j a e . Addit ional improvements
include an above-ground f u e l storage tank, an above-ground water storage tank, a large area of
asphalt and concrete paving, numerous ornamental p lan t ing s , and other l a n d s c a p i n g
improvements. P i l e s of waste vermiculite ore containing asbestos remain at the site. S i t e
structures are also contaminated with asbestos as a result of proces s ing act ivi t ie s at the site.
2 . 1 E N V I R O N M E N T A L S E T T I N G
Mean annual p r e c i p i t a t i o n in Libby is 19.4 inches, with 37 percent of it occurring in the months
of November through January, and 18 percent f a l l i n g in the months of May and June . The month
having the highest average prec ip i ta t ion is January, with 2.42 inches. Temperature in Libby
ranges f rom an average of 22.4 degrees Fahrenheit (° F) in January to an average of 67° F in July.
Average annual precipi tat ion at the W.R. Grace mine site is estimated at 30 inches per year

(USDA 1977), and the temperature would be expec ted to average 3 to 5 degrees cooler than at
Libby. Cl imato l og i ca l data was obtained f r om the Libby 1 N.E. Ranger station.
S o i l s in the area have been assigned a H y d r o l o g i c S o i l C l a s s i f i c a t i o n of "B" by the S o i l
Conservation Service. The drainage basin in the vicinity of the mine site is estimated to have
>75% ground cover of mature fore s t in good condition, with moderate s l o p e s . Antecedent
moisture is considered to be average. A "Curve Number" of 60 is estimated for both the Rainy
Creek and F l e e t w o o d Drainage Basins.
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The g eo l ogy of the site consists of the late Precambrian Belt Group consisting of fine-grained
clastic and carbonate rocks which have undergone various degrees of metamorphism, and are
covered with glacial outwash and t i l l . The tail ings impoundment is located on an intrusive rock
body called the Rainy Creek stock, of which Vermiculite Mountain and W.R. Grace's mining
area is a part. Depths to bedrock range from less than 2 f e e t to about 25 f e e t on the val ley walls
and from 20 to 45 f e e t on the valley f l o o r .
Vege ta t i on in the region consists of grasses, coniferous shrubs, and a mixture of deciduous
(primarily cottonwood, alder, and aspen) and evergreen trees (cedar, larch, Douglas f i r ,
ponderosa and l o d g e p o l e pine, and spruce). Active l ogg ing is taking place within the drainage
basin of the mine site, both on the mine property and on adjacent Fore s t Service land.
2 .2 P R E V I O U S INVESTIGATIONS

As part of initial emergency response action activities conducted in December 1999, 85 soil
sample s were co l l e c t ed from 71 stations from the primary Screening Plant area and the horse
pasture area south of Rainy Creek. Most of the soil samples were surface grab samples c o l l e c t ed
f r o m a d e p t h of 0 to 2 inches, with co-located subsurface soil samples f rom a d e p t h of 2 to 12
inches c o l l e c t ed for about 20 percent of the surface samples. Depending on the size of the waste
p i l e , composite waste p i l e sample s were collected at varying d ep th s , from a few inches up to 2
f e e t in depth. Results ranged from non-detect to approx imat e ly 4 percent tremoli te asbestos.
Addi t i ona l soil sampling was conducted in the Screening Plant area in March 2000 and Apri l
2000. In March 2000, 17 soil samples were collected from a wooded area north of the green
houses and 44 sample s were c o l l e c t e d f rom an area referred to as "Government Lot 4" south of
the horse pasture. In A p r i l 2000, __samples were collected from a triangular shaped area
located between the horse pasture and Highway 37. Resul t s ranged f r o m non-detect to
approx imat e ly 8 percent tremoli te asbestos.
Air sampl ing technicians, under contract with the EPA's Emergency Response Team , p er f ormed
l imi t ed air sampl ing at the former Screening Plant. T h i s ambient air s a m p l i n g was conducted
over a two-day period in December of 1999. Ambient air sample s were co l l e c t ed within several
of the bui ld ings , in c lud ing the tunnels, at the former screening f a c i l i t y . In a d d i t i o n to the indoor
sampl ing, ambient air sample s were also c o l l e c t e d at several locat ions on the former Screening
Plant over the past several months.
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3.0 DATA QUALITY O B J E C T I V E S
To ensure that data of s u f f i c i e n t quality and quantity are col lected to meet p r o j e c t o b j e c t i v e s , the
data quality objec t ive (DQO) process (EPA 1993) was utilized to deve lop DQOs for the soil and
air sampling tasks. The DQO process is a series of s t eps based on the s c i e n t i f i c method that are
designed to ensure that the type, quantity, and quality of environmental data used in deci s ion
making are appropriate for the intended purpose. The DQO Process consists of the f o l l o w i n g
seven steps:

S t e p 1: Stat e the Problem;
S t e p 2: I d e n t i f y the Decision;
S t e p 3: Identify I n p u t s to the Decision;
S t e p 4: Define the Study Boundaries;
S t e p 5: Develop a Decision Rule;
S t e p 6: S p e c i f y Limi t s on Decision Errors; and
S t e p 7: Optimize the Design for Obtaining Data.

During the f ir s t six s t eps of the process, the p lanning team deve lop s decision performance
criteria (i.e., DQOs) that will be used to deve lop the data c o l l e c t i on design. The f ina l s t ep of the
process involves d e v e l o p i n g data c o l l e c t i on des ign based on DQOs.
3.1 SOIL
3.1.1 Problem Sta t emen t
S o i l sampl ing e f f o r t s c o n d u p t e C u T l a t e 1999 and early 2000 found asbestos-contaminated s o i l s at
Operable Unit 02 as a result of v ermicu l j t e ore proce s s ing activities. T h i s s a m p l i n g p l a n has
been deve loped at-4he|request of the>o^pe-6enler_to determine if excavation ac t iv i t i e s have
s u c c e s s f u l l y removed contaminated soil materials f rom Operable Unit 02. A d d i t i o n a l l y , pre-
excavation sampling may occur to better d e f i n e the limit and extent of soil and waste removal.
3.1.2 I d e n t i f y the Decision
Soi l data collected during this removal action will be utilized for the f o l l o w i n g purposes:

1) Conf i rm that excavation ac t iv i t i e s have s u c c e s s f u l l y removed asbestos-
contaminated soil and waste materials f rom Operable Unit 02; and

2) Determine the l imit and extent of soil and waste materials to be removed, as
necessary, either prior to or a f t e r excavation has taken place .

S p e c i f i c a l l y , the data will be used to answer the f o l l o w i n g questions:
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1) Have asbestos-containing waste materials and contaminated soil s containing
greater than 1 percent asbestos been s u c c e s s f u l l y removed within a s p e c i f i e d area
( t y p i c a l l y , a 100 foo t by 100 f oo t grid)?

2) If the s p e c i f i e d area ( t y p i c a l l y , a 100 f o o t by 100 f o o t grid) where removal has
occurred s t i l l contains asbestos-containing waste materials and contaminated soil s
containing greater than 1 percent asbestos, what is the limit and extent of
excavation needed to reduce asbestos concentrations to less than 1 percent?

3) Is any additional sampling necessary to d e f ine the limit and extent of excavation
required for this removal action?

3.1.3 I n p u t s to the Decision
The purpose of this s t ep is to i d e n t i f y the information that needs to be obtained and the
measurements that need to be taken to resolve the decision statements. According to the
National Emission S t a n d a r d s for Hazardous Air Pol lu tant s (NESHAP) regulations (EPA 1990), a
f r i a b l e asbestos-containing material is d e f ined as "any material containing more than 1 percent
asbestos as determined using Polarized Light Microscopy (PLM), that, when dry, can be
crumbled, pulverized or reduced to powder by hand pressure." Accord ing ly , EPA has selected 1
percent asbestos as the action level for soil and waste materials for this removal action.
In order to p r o p e r l y manage and document the success of removal activities, the site will be
overlayed with a grid of squares 100 f e e t by 100 f e e t . Each grid square will be i d e n t i f i e d with a
unique code (e.g., A3, B6, M7, etc.) and, a f t e r initial excavation, compos i t e sampl ing (usual ly
f i v e subsample s) will be employed to determine the asbestos concentration within each grid
square. Grab or composi te s ampl ing may also be employed to d e f i n e the l imit and extent of soil
material containing greater than 1 percent asbestos prior to excavation or within a grid square
a f t e r initial excavation has been comple t ed .
All soil sample s will be analyzed using National I n s t i t u t e of Occupational S a f e t y and H e a l t h
(NIOSH) Method 9002 (see A p p e n d i x C) for Asbe s t o s (bulk) by P L M . T h i s method i s u s e fu l for
the qualitative i d e n t i f i c a t i o n of asbestos and the semi-quantitative determination of asbestos
content of bulk samples. The method measures percent asbestos as perceived by the analyst in
comparison to standard area p r o j e c t i o n s , photo s , and drawings, or trained experience.
3.1.4 Boundaries of the Removal Action
T h i s step d e f i n e s the spatial and temporal bounds of the removal action. The horizontal
boundaries of the removal action are the Kootenai River to the north and west of the site,
Highway 37 to the east, and the southernmost property line of the area referred to as
"Government Lot 4". The vertical spatial boundary is from the ground surface to the base
contaminated soil or asbestos-containing waste materials. At present, the extent of
contamination below ground surface is not known. The removal action focuse s on currently
known conditions at the site, but historical information may be used to support removal
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decisions. There fore , temporal boundaries include the time frame from when the mine was f i r s t
discovered in the 1880's, and the beginning of vermiculite mining operations in the 1920's, to
the time of this removal action in 2000. The decision makers need to know the soil and waste
asbestos concentrations to make decisions during this removal. Constraints that could p o t e n t i a l l y
interfere with data co l l e c t ion are denied or ungranted access, p h y s i c a l l y inaccessible sampl ing
locations, or concerns regarding health and safety.
3.1.5 Decision Rule
The purpose of this s tep is to d e f i n e the parameter of interest, s p e c i f y the action leve l , and
integrate previous DQO outputs into a single statement that describes a logical basis for choosing
among removal actions. The parameter of interest is the concentration of asbestos in soil and
waste materials. W h i l e the primary form of asbestos expected to be encountered is tremolite, the
combined concentration of all forms of asbestos will be used for decision making. As discussed
previous ly, the action level is 1 percent asbestos.
3.1.6 S p e c i f y T o l e r a b l e Limi t s on Decision Errors
The purpose of this s t ep is to s p e c i f y the null hypothesi s and the decision m a k e r ' s acceptable
l imi t s on decision errors. The null hypo the s i s for this removal action is that the true
concentration of asbestos in soil and waste materials is less than 1 percent. There fore , the
alternative hypothe s i s is that the true asbestos concentration in soil and waste materials is greater
than 1 percent.
Decision makers are interested in knowing the true value of the asbestos concentration. Since the
PLM method can only estimate the concentration semi-quantitatively, deci s ions that are based on
these data could be in error. There are several reasons why the dec i s ion maker may not know the
true asbestos concentration:

1) There may be a high degree of variability of asbestos concentration within a
sample. A l t h o u g h a sample may be thoroughly mixed, only a small port ion of the
sample is used for the analysis. T h i s could result in either an under- or over-
estimate of the actual asbestos concentration.

2) Other f i b e r s with opt ical proper t i e s similar to asbestos minerals may give po s i t i v e
interferences. T h i s could result in an over-estimate of the actual asbestos
concentration.

3) The opt ical proper t i e s of asbestos may be obscured by a coating on the f i b er s .
T h i s could result in an under-estimate of the actual asbestos concentration.

4) Fibers finer than the resolving power of the microscope (about 0.3 microns [|J.m])
will not be detec ted. T h i s could result in an under-estimate of the actual asbestos
concentration.
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5) Heat and acid may alter the index of refraction of asbestos and change its color.
T h i s could result in an under-estimate of the actual asbestos concentration.

6) There may be a high degree of variability of asbestos concentration within the soil
and waste materials in-situ. Thi s could result hi either an under- or over-estimate
of the actual asbestos concentration.

A f a l s e posi t ive or "Type I" decision error refers to the type of error made when the null
hypothes i s is re jec ted when it is true and a f a l s e negative or "Type II" decision error refers to the
type of error made when the null hypothe s i s is accepted when it is f a l s e . For this removal action,
a T y p e I decision error would result in deciding that soil or waste materials contained asbestos
above the action level ("dirty") when it did not and a T y p e II decision error would result in
deciding that soil or waste materials did not contain asbestos above the action level ("clean")
when it did.
The closer the reported concentration is to an action level , the higher the probab i l i ty that an
incorrect decision will be made and, therefore, a "gray region" is normally established which
surrounds an action level. For example, a typical "gray region" might be i d e n t i f i e d as "the action
level minus 10%". However, the PLM method is a semi-quantitative method and lacks the
necessary precision to e s tabl i sh a suitable "gray region". T h e r e f o r e , to allow EPA to exercise
pro f e s s i ona l judgement and limit T y p e II errors, a to lerable decision limit of ±100% of the action
level has been es tabl i shed.
In summary, soil and waste materials will be excavated and removed when the asbestos
concentration is greater than or equal to 1 percent. Since one ob j e c t ive of this removal action is
to leave the site in suitable condition for reuse with no land use restrictions, EPA may elect to
remove soil and waste materials reported to contain less than 1 percent asbestos, based on visual
evidence, historical information, pro f e s s i ona l j u d g e m e n t , or other criteria. Converse ly, EPA may
elect to leave materials hi p la c e that contain greater than 1 percent asbestos due to the presence of
physical barriers, to prevent excessive environmental damage, based on p r o f e s s i o n a l j u d g e m e n t ,
or other criteria.
3.1.7 Optimize the Decision for Obtaining Data
The purpose of this s t ep is to i d e n t i f y the most r e source-e f f e c t ive sampl ing des ign that generates
data that s a t i s f y the DQOs in the previous steps. The sampl ing p lan described in this SAP are
consistent with the DQOs and p r o j e c t o b j e c t i v e s for the removal action. However, if during the
period of sample c o l l e c t i o n and/or evaluation, it becomes apparent that the quantity and/or
distribution of sample s is not s u f f i c i e n t for obtaining the data required to proper ly characterize
soil and waste materials for this removal action, the number, di s tribution, or methods may be
m o d i f i e d to r e f l e c t the s p e c i f i c needs of the pro j e c t . Any changes to this SAP will be approved
by EPA and the V o l p e Center prior to implementation. In addit ion, any deviations to thi s SAP
will be noted in the f i e l d logbook and/or subsequent data summary reports.
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3.2 AIR
3.2.1 Problem Statement
The asbestos removal action being performed at the Screening Plant could p o t e n t i a l l y produce
airborne asbestos concentrations within, and surrounding, the regulated removal action area.
Thes e airborne asbestos f i b e r s could present a hazard to those workers within the regulated
removal action area and to anyone located in areas surrounding the regulated removal action
area. In addi t ion, the release of airborne asbestos f i b er s during the removal action could
p o t e n t i a l l y further contaminate the regulated removal action area i t s e l f and any adjacent
propert ie s .
3.2.2 I d e n t i f y the Decision
Air monitoring data co l l e c t ed during the asbestos removal action will be ut i l ized for the
f o l l o w i n g purpose s:

1) Ambient perimeter air samples will be co l l e c t ed prior to the commencement of the
removal action to determine background airborne asbestos f i b e r level s .

2) Ambient perimeter air samples will be co l l e c t ed during da i ly work activit ie s to
ensure that airborne asbestos f i b e r s are not being released during the removal
action.

3) Air sample s will be co l l e c t ed on a da i ly basis within the decontamination unit
clean room and at the exhaust port of any negative air machines. The s e ambient
air samples shall be used to document that clean rooms are ac tual ly clean and that
the negative air machines are not exhausting asbestos f i b e r s .

4) At the conclusion of the removal action for the entire p r o j e c t site, f ina l clearance
air sample s will be co l l e c t ed at the pro j e c t site. The f ina l clearance air sampl e s
shall be compared to the background air sample s to ensure that airborne asbes tos
f ib er l eve l s at the comple t ion of the removal action are equal to or lower than the
asbestos f i b e r l eve l s present prior to ini t ia t ing the removal action.

5) Personal air samples will be c o l l e c t ed on the removal action c o n t r a c t o r ' s
(MARCOR) workers to document compliance with the Occupational S a f e t y and
H e a l t h A d m i n i s t r a t i o n ' s ( O S H A ) Asbe s to s Standard f o r t h e Cons truc t ion I n d u s t r y
(29 CFR Part 1926 .1101).

S p e c i f i c a l l y , the air monitoring data will be c o l l e c t ed to answer the f o l l o w i n g questions:
1) Are airborne asbestos f i b er s being p r o p e r l y contained within the regulated

emergency removal action area?
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2) Are the removal action c o n t r a c t o r ' s workers being proper ly protected f rom
exposure to asbestos f i b e r s in accordance with OSHA Standard 29 CFR Part
1926.1101?

3) Has the performance of the emergency removal action reduced ambient airborne
asbestos f i b er levels within the regulated emergency removal action area?

4) What type and size of asbestos f iber s , if any, are becoming airborne during the
emergency removal action?

3.2.3 I n p u t s to the Decision
To ensure that the air monitoring data are adequate to meet all of the requirements of the
decisions l i s t ed above, the results of the air sample analysis must include the f o l l o w i n g
information:

• Concentration of asbestos f i b er s;
• T y p e of asbestos f i b e r s ; and
• Size of asbestos f ibers .

Measurement of Asbestos Concentration in Air
There are a number of techniques for measuring asbestos f iber s in air, all of which are based on
visual i d e n t i f i c a t i o n of structures as asbestos f ibers . Most historical human health data and many
regulatory l imit s for asbestos exposure in air are based upon asbestos f i b e r concentrations
measured using phase contrast microscopy (PCM), including OSHA Standard 29 CFR Part
1926.1101. In this method, fiber material is d e f i n e d as having a l ength of >5 um and an aspect
ratio (length to diameter ratio) of three or more. Results are g enera l ly reported in f i b e r s per
m i l l i l i t e r of air (f/ml). Turn-around time for result s is u sual ly within 24 hours.
More recently, a number of other methods have been deve loped for quantitative or qual i ta t ive
measurement of asbestos f i b er s in air that utilize Transmis s ion Electron Micro s c opy (TEM),
these methods include, but are not l imited to, the f o l l o w i n g :

• The Asbes to s Hazard Emergency Response Act (AHERA) TEM Method found in 40
CFR Part 763, Asbestos-Containing Materials in Schools.

• International Standards (ISO) Method 10312, Ambient Air-Determination of asbestos
fibres-Direct transfer transmission electron microscopy method.

Thes e methods are generally more sensitive than P C M , and also allow visualization and
quant i f i ca t ion of asbestos f i b er s that are thinner than those vis ible under PCM analysis.
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The use of a combination of the PCM analysis method and both TEM analysis methods will
provide the data necessary to meet all of the requirements of the decisions l i s t ed above. TEM
analysis is more expensive and the analysis takes a longer time to comple t e than PCM analysis.
There f or e , TEM analyses will be used to confirm certain PCM results (usually the worst case
sample s) and/or when exact mineralogical i d e n t i f i c a t i o n of the asbestos f i b e r s in a sample is
desired.
Regulatory Limits
In order to make the decisions required under this section, a number of factors must be
considered, including regulatory l imit s for asbestos in air, background concentrations of asbestos
in air collected prior to the emergency removal action, and types of asbestos associated with the
known contaminated materials within the regulated emergency removal action area. T a b l e 1,
Summary of Available PCM- and TEM-Based Exposure Levels for Asbestos, id en t i f i e s several
current asbestos in air exposure leve l s that may a p p l y to this removal action.
The EPA will determine the most a p p l i c a b l e exposure levels, and use these in conjunct ion with
the results of the background perimeter air sampl ing results, and any other a p p l i c a b l e exposure
data to d e f i n e decision exposure limits. However, a d e f a u l t limit of 0.1 f i b e r s per cubic
centimeter (f/cc) is assumed for all ambient and personal air monitoring during work act ivi t i e s
for this removal action. At a minimum, all personal air monitoring conducted on workers
p a r t i c i p a t i n g in the emergency removal action must meet the requirements of OSHA Standard 29
CFR Part 1926.1101.
3.2.4 Boundaries of the S t u d y
Spatial Boundaries
The horizontal boundaries to be monitored in this p r o j e c t include the entire regulated emergency
response action area. T h i s includes the 16 acre Former Screening F a c i l i t y (regulated area), the
perimeter of the regulated area, any decontamination units on and off the site, and all associated
equipment and personnel trailers located adjacent to the regulated area. The horizontal
boundaries to be monitored also include individuals working within and in the vicinity of the
regulated area. The vertical boundary of interest is the ground surface up to a p p r o x i m a t e l y 6
f e e t , which was determined to include the standard human breathing zone.
Temporal Boundaries
There are several factors that can have an a f f e c t on airborne asbestos f i b e r concentrations.
Concentrations of airborne asbestos f i b er s may vary within and around the regulated area
depend ing on tasks p er f ormed , amount of demol i t i on activity, weather, wind direction and
veloci ty, etc. T h e r e f o r e , both personal and ambient air monitoring will be per formed over the
duration of the p r o j e c t . In addit ion, short term exposure limit (STEL) air sample s wi l l be
c o l l e c t e d on removal action contractor employee s each time a new task is in i t ia t ed . T h i s
sampl ing will be per formed in accordance with OSHA Standard 29 CFR Part 1926.1101.
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3.2.5 Decision Process
Ambient Air Monitoring
As stated earlier, the EPA will be required to determine the most a p p l i c a b l e exposure l eve l s for
the ambient air monitoring, and use these in conjunction with the results of the background
perimeter air sampling results, and any other a p p l i c a b l e exposure data to d e f i n e decision
exposure limits. If the agreed-upon exposure l imits are not exceeded during the course of the
removal action, work can proceed as planned. If the exposure l imit s are exceeded during the
removal action, work will be s t opped and dust suppression methods, such as the amount of water
used by the removal action contractor, should be reevaluated. Work can continue once the
airborne asbestos f i b e r concentrations have been lowered below the exposure limits agreed upon
prior to the pro j e c t . As a d e f a u l t value, a 0.1 f / c c exposure limit for perimeter sampling during
removal activities and for clearance sampling at the end of the pro j e c t is assumed.
Personal Air Monitoring
The EPA may also be required to determine the most app l i cab l e exposure level s for the personal
air monitoring during the course of the removal action. At a minirnum, all personal air
monitoring conducted on workers par t i c ipa t ing in the emergency removal action must meet the
requirements of OSHA Standard 29 CFR Part 1926.1101. Unles s no t i f i e d otherwise, a d e f a u l t
exposure limit of 0.1 f / c c is assumed. If these personal exposure l imits are not exceeded during
the course of the removal action, work can proceed as planned. If these exposure l imi t s are
exceeded during the removal action, work should be s topped and dust suppre s s ion methods, such
as the amount of water used by the removal action contractor, and/or respiratory protection
requirements should be reevaluated. Work can continue once the airborne asbestos f i b er
concentrations have been lowered below acceptable exposure l imit s . Work can also continue if
the removal action contractor institutes revised respiratory protection requirements that ensure
the workers are not exposed to the airborne asbestos f i b er concentrations. However, a change in
respiratory protection should be a last resort. Lowering the airborne f i b e r concentrations within
the regulated area through engineering controls should always be the f ir s t option.
3.2.6 S p e c i f y T o l e r a b l e Limit s on Decision Errors
Due to the size of the regulated emergency removal action area, the "worst case" ambient air
sample and the "worst case" personal air sample will be used to make risk management deci s ions
during the removal action. Each day the ambient air sample and the personal air sample with the
highest concentration of asbestos f ibers will be used to determine the airborne f iber level s of the
entire regulated area. For this removal action, the null hypothes i s is that the true concentration of
asbestos f i b e r s in air is below the exposure limit. The alternative hypothe s i s is that the true
concentration of asbestos f i b er s in air is above the exposure limit.
As discussed earlier hi the DQOs for so i l s , f a l s e pos i t ive or "Type I" decision error refers to the
type of error made when the null hypothe s i s is re j ec t ed when it is true and a f a l s e negative or
" T y p e II" decision error refers to the type of error made when the null hypothe s i s is accepted
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when it is f a l s e . For this removal action, a T y p e I decision error would result in dec id ing that an
air sample result was above the exposure limit ("dirty") when it was not and a T y p e II decision
error would result in deciding that an air sample result was not above the exposure ("clean")
when it actually was.
The closer the reported concentration is to a action level, the higher the probabil i ty that an
incorrect decision will be made and, there fore , a "gray region" is normally established which
surrounds an action level. Air monitoring for this removal action is primarily being per formed to
determine if excessive level s of asbestos f i b e r s migrating o f f - s i t e and for health and s a f e t y
purposes. Since soil and waste material removal actions will not be determined based on the
results of air sampl ing, a "gray region" was not established. However, because human health and
sa f e ty are involved, a to lerable decision limit of ±50% is prudent. T h i s decision limit would
allow, for example, the implementation of additional control measures (e.g., additional dust
suppres s ion measures) be fore exposure l imit s are exceeded, based on p r o f e s s i o n a l j u d g e m e n t , at
one ha l f of the exposure limit.
3.2.7 Optimize the Decision for Obtaining Data
Both ambient air monitoring and personal air monitoring will be conducted dai ly during the
emergency action. Risk management decisions will be reevaluated da i ly by the EP A. If it
becomes apparent over the course of the removal action that the quantity or d i s tr ibut ion of the air
samples may not be s u f f i c i e n t for obtaining the data required to characterize the airborne
asbestos f iber concentrations within, and adjacent to, the regulated removal action area, the
number and location of air sample s may be m o d i f i e d to meet the needs of the p r o j e c t . The
decision to m o d i f y the s a m p l i n g strategy will be determined by the EPA.
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4.0 SAMPLING M E T H O D S AND PROCEDURES
CDM Federal was tasked by the V o l p e Center to provide confirmation sampl ing of soil, and
perimeter and personal air for asbestos for the Operable Unit 02 removal action. T h i s section
describes the procedures that will be f o l l o w e d for sample col lec t ion, handling, analysis, and
documentation. S a m p l e management diagrams for soil and air samples are shown on Figures 2
and 3, respectively.
4.1 S O I L
4.1.1 Sele c t ing Soil S a m p l i n g Locations
Confirmation sampl ing will be conducted within excavation grids 100 f e e t x 100 f e e t in size to
determine if contaminated soil materials have been s u c c e s s f u l l y excavated from each grid.
Excavation grids have been designated on the construction drawings. Each grid square will be
i d e n t i f i e d with a unique code (e.g., A3, B6, M7, etc.). S a m p l e s from each grid will consist of
f i v e subsamples to form a composi te sample. T y p i c a l l y , one subsample will be c o l l e c t e d f rom
the center of the grid with the remaining four subsamples co l l ec ted approx imate ly 25 f e e t f r om
the center subsample in a cross-shaped pattern. The directional orientation of the cross will be
randomized using a game spinner, a table of random compass bearings, or other appropr ia t e
method. A d j u s t m e n t s to this pattern may be made based on f i e l d conditions (e.g., to account for
the presence of trees or other obstructions, the presence of bu i ld ing f oundat i on s , concrete p a d s ,
surface water features , or unexcavated areas). A p p r o x i m a t e subsample locations shall be
recorded on the f i e l d sample data sheets. Examples of the f i e l d sheets are provided in
A p p e n d i x A.
Other soil samples may be c o l l e c t ed to further d e f i n e the limit and extent of contaminated soil
material prior to the removal action or within a grid square a f t e r init ial excavation has been
completed. These may be grab or composite samples, depending on the type of information
required. The type and locat ion of these samples wi l l be documented on the f i e l d log sheets.
4.1.2 S a m p l e I d e n t i f i c a t i o n
Each soil sample wil l be i d e n t i f i e d with two unique codes. The f i r s t code is an index
id en t i f i ca t i on code taken from a l i s t o f unique codes prepared by ISSI C o n s u l t i n g Group, Inc.
(ISSI), a contractor to EPA. T h i s coding system is designed to prevent accidental d u p l i c a t i o n of
sample id en t i f i ca t i on numbers and ensures that all samples have a unique id en t i f i ca t i on number
assigned to them. During previous s a m p l i n g events, these codes started f r om 1-00001 and the
last f iv e numbers were s equent ia l ly numbered so that thousands of unique codes would be
available, if necessary. To ensure that the laboratory is "blind" and does not receive certain
s p e c i f i c information about a sample , only the index i d e n t i f i c a t i o n code, along with sample date
and time, will be used to label sample containers.
The second sample code is a f i e l d i d e n t i f i c a t i o n code used by CDM F e d e r a l to give each soil
sample a unique id en t i ty that will a l low for the tracking and retrieval of in format ion concerning
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each sample. The structure of the coding system will be similar to the coding system used in
previous sampling events. Each surface soil sample will be i d e n t i f i e d , at a minimum, by a site
id en t i f i e r , a location ident i f i er , a media id en t i f i e r , a station id en t i f i e r , and the d ep th interval of
the sample collected. For example, LIB-FSPA-SO-001-0-2 would indicate that a sample was
col lec ted by CDM Federal as part of the Libby asbestos investigation (LIB-), that it was co l l e c t ed
from the Former Screening Plant Area (FSPA-), that is was a soil sample (SO-), that it was from
sampl ing station 001 (001-), and that it was col lec ted from the 0- to 2-inch d e p t h interval (0-2).
Modif i ca t i on s to this basic coding system may be necessary to i d e n t i f y the grid location or
number, whether it was a grab or composite sample, sample date, a d u p l i c a t e sample, etc. The
actual coding system used will be clearly described in the f i e l d logbook.
4.1.3 Col lec t ing Soil S a m p l e s
All soil samples will be co l l ec ted in accordance with CDM Federal Standard Operating
Procedure (SOP) 1-3, S u r f a c e S o i l S a m p l i n g , with modi f i ca t ions ( A p p e n d i x B). The f o l l o w i n g
modif i cat ions to SOP 1-3 have been reviewed and approved:
Sec t i on 2.2, Discussion - Unle s s otherwise directed by EPA or the V o l p e Center, sample d ep th
will be 0 to 2 inches.
S e c t i o n 4.0, Required Equipment - Neither ice bags nor blue ice will be used. However, the
samples will be kept as cool as po s s i b l e at all times. Powder-free nitrile gloves will be used for
sample col lec t ion. No pans, trays, or bowls will be necessary, since samples will be placed
directly into zip-top bags. Since the sampling is for asbestos, rather than metals or organics, the
use of stainless steel or T e f l o n - l i n e d sampl ing instruments is not necessary.
Sec t i on 5.2.3. Method for C o l l e c t i n g S a m p l e s for N o n v o l a t i l e Organic or Inorganic Compound
Analysis - Zip- top bags will be used as the sample containers. S a m p l i n g information will be
written direc t ly on the bags using a permanent marker. S a m p l i n g instruments wil l not
necessarily be constructed of stainless steel or be T e f l o n lined. Trays and bowls will not be used,
as sample s will be p la c ed d ir e c t ly into z ip- t op bags. Homogeniza t ion wi l l be p e r f o rmed by
manipulating the sampled materials inside the zip-top bag. All samples will be double bagged.
I n i t i a l sample homogenization will be accomplished in the f i e l d by g en t ly kneading the contents
of the sealed bag to break up any remaining soil c lumps, then mixing by turning the bag s l o w l y
end-over-end a minimum o f t e n times. All other sample preparation, such as sample drying,
shall be completed by the E M S L on-site or o f f - s i t e laboratory.
4.1.4 S a m p l e Documentation
S a m p l i n g activities during this removal action will be documented in a f i e l d l ogbook (and on
f i e l d sample data sheets, see A p p e n d i x A) to be maintained by the f i e l d team in accordance with
CDM F e d e r a l SOP 4-1, F i e l d Logbook Content and Control ( A p p e n d i x B). The F i e l d Team
Leader (FTL) is responsible for maintenance and document control of the f i e l d logbook. In
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addi t ion, all sample locations will be surveyed using standard surveying equipment and/or a
Global Posit ioning System (GPS) unit.
4.1.5 S a m p l e Cus t ody , Packaging, and S h i p p i n g
S a m p l e custody includes the c l a s s i f y i n g , i d e n t i f y i n g , labe l ing, packaging, and transport ing of
samples col lected during this investigation. Procedures for handling samples col lec ted during
this investigation will f o l l o w CDM Federal S O P s 1-2, 2-5, and 4-5 ( A p p e n d i x B) as described
below.
S a m p l e c l a s s i f i c a t i o n is necessary to ensure the protect ion of personnel involved in the shipment
of sample s , and to maintain the integrity of each sample. S a m p l e s obtained at uncontrolled
hazardous waste sites are c l a s s i f i e d as either environmental or hazardous samples. All samples
col lec ted during this investigation will be c l a s s i f i ed as environmental.
To maintain a record of sample collection, transfer between personnel, shipment, and receipt by
the o f f - s i t e laboratory, chain-of-custody ( C O C ) records will be used. The COC record is
employed as physical evidence of sample custody and control, and provides the means to
i d e n t i f y , track, and monitor each individual sample from the point of c o l l e c t i on through d i s p o s a l .
COC procedures will f o l l o w the requirements set f o r t h in CDM F e d e r a l SOP 1-2, S a m p l e

Custody, with modi f i ca t ions ( A p p e n d i x B). The f o l l o w i n g modi f i cat ions to SOP 1-2 have been
reviewed and approved:
S e c t i o n 5.1, Cha in-o f -Cus t ody Record - Electronic chain-of-custody f orms will be generated
using M i c r o s o f t Access in the Libby database system deve loped by ISSI for EPA or as s p e c i f i e d
by the V o l p e Center.
Section 5.2, S a m p l e Labels and T a g s - S a m p l e s will be id en t i f i ed by writing sample information
direc t ly on the one-gal lon z ip-top bags using permanent markers. All sampl e s wi l l be double-
bagged.
S a m p l e s co l l e c t ed during this inves t igat ion that require analysis at on- or o f f - s i t e laboratories
will be packaged and s h i p p e d in accordance with CDM Federa l SOP 2-5, Packaging and
S h i p p i n g o f Environmental S a m p l e s , with m o d i f i c a t i o n ( A p p e n d i x B). The f o l l o w i n g
modi f i cat ions to SOP 2-5 have been reviewed and approved:
Sec t i on 4.0, Required Equipment - No vermiculite or other absorbent material , bubble wrap, or
ice will be used.
Sec t i on 5.0. Procedures - No vermiculite or other absorbent material will be used to pack the
samples. No ice will be used. Maintenance of temperatures less than or equal to 4 derees
Cel s iu s was determined by EPA not to be critical, however, the sample s will be kept as cool as
p o s s i b l e during all phases of work.
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4.1.6 Quality Control S a m p l e s
Quality control (QC) data are necessary to determine precision and accuracy of sample co l l e c t i on
techniques and to he lp determine any variability that exists within a sample. For this
investigation, soil QC samples will consist of dup l i ca t e s col lected from the sample bag a f t er
thorough homogenization. S o i l QC samples will be analyzed at a rate of one per ten samples
(i.e., 10 percent) or at the rate s p e c i f i e d by the V o l p e Center.
4.1.7 Equipment Decontamination
Equipment used to c o l l e c t , handle, or measure soil samples will be decontaminated in accordance
with CDM Federal SOP 4-5, F i e l d Equipment Decontamination at Nonradioactive Sit e s , with
m o d i f i c a t i o n ( A p p e n d i x B). The f o l l o w i n g mod i f i ca t i on s to SOP 4-5 have been reviewed and
approved:
Sect ion 5.0, Procedures - Decontamination water will not be captured. No solvents will be used
for decontamination.
Sec t i on 5.3. S a m p l i n g Equipment Decontamination - ASTM T y p e II deionized (DI) water will
not be used. Rather, l o c a l l y available DI water will be used. Nitr i c acid will not be used.
Decontamination water will be d i spo s ed of on-site.
Sect i on 5.6, Waste Disposal - Decontamination water will be d i spo s ed of on-site and wi l l not be
packaged, labe l ed , or stored as investigation-derived waste.
The decontamination procedure for non-disposable equipment will consist of a tap water and
alconox wash with brush scrubbing, f o l l o w e d by a tap water rinse, and f ina l DI water rinse. The
equipment will then be allowed to air-dry be fore being wrapped in clean p l a s t i c or aluminum
f o i l . All equipment wil l be decontaminated be fore coming into contact with any sample. Rinse
water will be discharged to the ground at the site. Any deviations f r om the decontamination
procedures will be recorded in the appropr ia t e f i e l d logbook.
4.2 AIR
4.2.1 S e l e c t i n g S a m p l e Locations
Ambient Air-monitoring
Background ambient air sample s , ambient air sample s c o l l e c t ed during the removal action, and
f inal clearance ambient air samples , will be co l l e c t ed at six f i x e d perimeter monitoring sites.
These six sites surround the regulated emergency removal action area. Two sites are located on
the northern perimeter of the site, two sites along the southern perimeter, one on the east
perimeter, and one on the west perimeter. The locations of these sites were selected to ensure
that airborne asbestos f i b e r concentrations migrating from the regulated removal action could be
determined independent of wind direction or work location.
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In addition to the perimeter air samples, additional ambient air samples will be col lec ted
d e p e n d i n g on the day's work activities. These samples will be co l l ec ted at locations such as the
decontamination chambers, negative air machines, contractor trailers, etc. The number and
location of these additional ambient air sample s will be determined by the air-monitoring
consulting f irm along with the EPA and the V o l p e Center.
Personal Air Monitoring
Personal air samples on the removal action c o n t r a c t o r ' s (MARCOR) workers will be conducted
to document compliance with 29 CFR Part 1926.1101. All personal air sample s shall be
collected and analyzed by E M S L Analytical Inc. ( E M S L ) , in accordance with 29 CFR
1926.1101.
4.2.2 S a m p l e I d e n t i f i c a t i o n
The air-monitoring consulting f irm will use the sampling numbering scheme that was designed
for the removal action by ISSI, a subcontractor to the EPA. T h i s scheme consists of the
precursor "1R" f o l l o w e d by a dash, and then by a six digi t sampling number (1R-000001, 1R-
000002, etc.). The sampl ing numbers are issued and signed out in accordance with ISSI's
sample numbering pro toco l s . S a m p l e de tai l s will be noted on the air sampl ing log sheets.
4.2.3 C o l l e c t i n g S a m p l e s
Air samples will be collected by drawing air through a cellulose acetate f i l t e r (0.45 urn pore size)
at a s p e c i f i e d f l o w rate for a s p e c i f i e d period of time. The d e ta i l s of the method are provided in
EPA SOP 2015. During normal working activities both ambient and personal air s ampl e s will be
co l l e c t ed at a f l o w rate of 2.5 l i t er s per minute (1/min) over an 8-hour sampl ing period. T h i s wi l l
result in a total s ampl ing volume of 1200 liters.
Depending on the s a m p l i n g condit ions, work activities , the level of asbestos in the air, and the
level of in t er f er ing par t i c l e s in the air, the f l o w rate and or total s a m p l i n g time may require
modi f i ca t i on s . The decision to m o d i f y the f l o w rate or total s ampl ing time will be made by the
FTL, in conjunction with the EPA On-Scene Coordinator.
4.2.4 S a m p l e C u s t o d y , Documentation, Packaging, and S h i p p i n g
Documentation of sample co l l ec t ion, handling, and shipment will include comple t i on COC
forms hi the f i e l d , f i e l d f orms , and entry of data into a f i e l d logbook. Each sample will be
proper ly labeled with a unique sample i d e n t i f i e r . A COC form shall accompany every shipment
of samples to the analytical laboratory. The purpose of the COC form is to e s tab l i sh the
documentation necessary to trace pos se s s ion from the time of c o l l e c t i o n to f ina l d i s p o s a l .
Figure 1, S a m p l e Management F l o w Diagram for Air Sampl e s , summarizes the sampl ing,
handling, and analyses for each sample type.
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The COC will be designed by IS SI. Minimal ly, the f i e l d form will have the f o l l o w i n g
information:

• Project number;
• S a m p l e r ' s signature;
• S a m p l e volume;
• S a m p l e i d e n t i f i c a t i o n number; and
• Analytical parameters.

The sh ipp ing forms or transmittal memo from the EPA will describe:
• Number of sample s;
• S a m p l e preservation (if a p p l i c a b l e ) ; and
• Date and time of sample shipments.

The laboratory will enter the f o l l o w i n g information upon receipt:
• Name of person receiving the sample;
• Date of sample rece ip t; and
• S a m p l e condition.

All corrections to the COC record will be initialed and dated by the person making the
corrections. Each COC will include signatures of the appropr ia t e individual s indicated on the
form. The originals will accompany the samples to the laboratory, and copies documenting each
custody change will be recorded and kept on f i l e . Cop i e s of all COCs will provided to the V o l p e
Center.
Chain-of-cus tody will be maintained until f ina l d i s p o s i t i o n of the sample s by the laboratory and
acceptance of the analytical results by the EPA. One copy of the COC will be kept by f i e l d
personnel.
The microscopist will include the f o l l o w i n g information on the f i e l d form:

• Date;
• M i c r o s c o p i s t ' s name;
• S a m p l e i d e n t i f i c a t i o n ;
• Mineral t y p e ; and
• Structure counts.

All required paperwork, inc luding sample lab e l s , COC forms , custody seals, and s h i p p i n g forms
will be f u l l y completed in ink (or printed from a computer) prior to s h i p p i n g of the sample s to
the laboratory. S h i p p i n g from sample storage to the o f f - s i t e laboratory will be by overnight
del ivery and delivery to the on-site laboratory will be by f i e l d personnel.

\ \Print_s erver\pub l i c \Teny\ScrPlntSAP.rv0.doc 4-6



Upon receipt, the samples will be given to the laboratory sample custodian. The boxes will be
opened and the contents inspected. Chain-of-cus tody forms will be reviewed for comple tenes s ,
and samples will be logged and assigned a unique laboratory sample number. Any discrepancies
or abnormalities in samples will be noted.
4.2.5 Quali ty Control S a m p l e s
Quality control methods will include both a f i e l d and laboratory component. F i e l d personnel will
prepare two type s of QC samples: rep l i ca t e s and blanks.
Replicates
For air sample s , r ep l i ca t e s are d e f i n e d as separate samples that are co l l e c t ed using separate air
pumps and f i l t e r s . Thes e air sample s are co l l e c t ed side-by-side at a location and are sampled for
the same amount of time. Air pumps are set at the same a ir f l ow rates so that adequate and l ike
air volumes are passed through each f i l t e r .
Blanks
F i e l d personnel will prepare blank samples for air by labe l ing unused f i l t e r cassettes and
submitting them for analysis.
The laboratory s t a f f wil l have the r e spons i b i l i ty of proces s ing all sample s submitted according to
the sp e c i f i c protocols for sample custody, analysis, reporting, and associated laboratory Quality
Assurance/Qual i ty Control.
Quality assurance programs for analytical chemistry t y p i c a l l y include blanks, blind s tandards,
and spikes. Performance evaluation using blind standard and sp ike s are not available for
asbestos analysis. The laboratory quality assurance program will consist of blanks and r ep l i ca t e
analysis. Blank sample s will be used to assess contamination in the f i l t e r medium. A subset of
TEM grids (10-20%) will be sent either back to the primary laboratory for re-analysis ( b l i n d ) or
to addi t ional laboratories for r ep l i ca t e analysis, as directed by the V o l p e Center. The TEM g r i d s
for r ep l i ca t e analysis wi l l be s h i p p e d under COC to appropr ia t e laboratories for analysis .
4.2.6 Equipment Decontamination
T h i s p r o j e c t requires the decontamination of all air s ampl ing equipment (e.g., pumps, cassette
holders , etc.) that is used within the regulated emergency response action area prior to it being
removed f rom that area. All air s a m p l i n g pumps , tubing, s a m p l i n g s tands, and rotometers wil l be
decontaminated at the end of each s a m p l i n g day. All equipment will be wiped down with DI
water, and dried with clean di spo sab l e wipes or rags. Thes e rags will be di sposed of as asbestos-
contaminated waste. Once the equipment has been decontaminated, it will be stored out s ide of
the regulated area during non-sampling hours.
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4 .3 HEALTH AND SAFETY
All sampling shall be performed in accordance with all a p p l i c a b l e EPA, OSHA, corporate, and
site health and s a f e t y requirements. More s p e c i f i c a l l y , when working within the regulated
emergency removal action area, CDM Federal and its subcontractors will f o l l o w all requirements
of the removal action c o n t r a c t o r ' s (MARCOR) site s p e c i f i c health and sa f e ty plan.
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5 .0 LABORATORY ANALYTICAL M E T H O D S
Twenty-four hour laboratory services will be provided in an on-site laboratory, which will
analyze the soil samples , personal air, and certain perimeter air samples. An o f f - s i t e laboratory
will provide analytical support for a portion of the air sample s c o l l e c t ed .
The most appropriate analytical methods for each environmental medium depend on the type and
level of asbestos contamination and on the detection level s needed to assess hazard and/or nature
and extent of contamination. T a b l e 2, Summary of Analytical Methods, id en t i f i e s the analytical
methods which will be util ized during the emergency removal action. C o p i e s of these analytical
methods are provided in A p p e n d i x C. The table also shows some of the requirements and
characteristics of each method. All of these analytical methods were determined by the EPA.
The laboratory used for all sample analysis must be accredited under the Laboratory
Accredi tat ion Program as sponsored by the American Industrial H y g i e n e Assoc ia t ion (AIHA).
The laboratory must also actively part i c ipate in the NIOSH Proficiency Analytical Testing
Program for Laboratory Quality Control for asbestos. L a s t l y , the laboratory must be f u l l y
accredited for TEM and PLM analysis under the National Voluntary Laboratory Accreditation
Program as sponsored by the National Ins t i tu t e of S t a n d a r d s and T e c h n o l o g y (NIST).
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T a b l e 1
Summary of Avai lab l e PCM- and TEM-Based Exposure Levels for Asbe s t o s

Agency
A C G I H
N I O S H
O S H A

O S H A

EPA
( A H E R A )
E P A ( I R I S )
EPA (EMSL)
EPA (OW)

Description
T L V - T W A
REL 100-minute TWA in a
400-liter sample (all f orms)
PEL (TWA) al l forms

PEL (ce i l ing) 30 minute
average (all f o r m s )
Level to determine the
compl e t i on of a response
action in Schoo l s
Inhala t i on unit risk
Measure of Work S i t e
C l e a n l i n e s s
MCL (f>10 urn in length)
al l f o r m s

Required
A n a l y s i s

PCM
PCM
PCM

PCM

TEM

PCM
PCM
PCM

Nominal V a l u e
O . l f / c c ( 0 . I f / m l )
O . l f / c c ( 0 . I f / m l )
O . l f / c c ( 0 . I f / m l )

1 . 0 f / c c ( 0 . 1 f / m l )

70 structures per square
mil l imet er ( s / m m 2 )
0.23 f/ml
Less than or equal to
0.01 f / c c ( 0 . 1 f / m l )
7 m i l l i o n f ib er s per l i ter'
( M F L ) (7000 f / m l )

Reference
A C G I H 1998
N I O S H 1999
OSHA 1998
2 9 C F R
1919.1001
OSHA 1998
2 9 C F R
1926.1101
EPA 1987
40 CFR 763
IRIS 1999
E M S L 1985
EPA 1998
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T a b l e 2
Summary of Analyt i ca l M e t h o d s

Matrix
Air

Air

Air

S o i l

Analys i s
PCM

TEM

TEM

PLM

S a m p l e
Media

Three-piece,
25mm
cassette, mixed
c e l l u l o s e ester
f i l t e r , 0.45
micron pore
size

Three-piece,
25 mm
cassette, mixed
c e l l u l o s e ester
f i l t e r , 0.45
micron pore
size

Three-piece,
25mm
cassette, mixed
c e l l u l o s e ester
f i l t e r , 0:45
micron pore
size

None

H o l d i n g
6 months

6 months

6 months

6 months

S a m p l e Preparation
Select area of f i l t e r for prep.
Cut f i l t e r . Place f i l t e r on

s l i d e a n d insert into ' h o t
b l o c k ' . Clean f i l t e r with
acetone vapor. A f f i x f i l t e r
to s l ide with triacetone and
place cover s l ide . Aff ix
coversl ide with nail po l i s h .
Outline f i l t e r piece with
glas s marking pen.
Selec t area of f i l t e r for prep.
Cut f i l t e r . C o l l a p s e the cut

port ion of f i l t e r using
d i m e t h y l f o r m a m i d e and
acetic acid solution onto
slide. Plasma etch the f i l t e r
portion. Coat the
microscope s l i d e with
carbon. Wash the s l i d e
using the Jaf f e Washer.
Select area of f i l t e r for prep.
Cut f i l t e r . C o l l a p s e the cut

port ion of f i l t e r using
d i m e t h y l f o r m a m i d e and
acetic acid s o lu t i on onto
slide. Plasma etch the f i l t e r
portion. Coat the
microscope s l i d e with
carbon. Wash the s l i d e
using the Jaf f e Washer.
Use f o r c ep s to sample at
several p la c e s f r om the bulk
material. F o r c e p sample s are
immersed in a refract ive
index liquid on a
microscope s l i d e , teased
apart, covered with a cover
gla s s , and observed with the
polarized light microscope.

A n a l y t i c a l
Method

N I O S H Method
7400 (see
A p p e n d i x C )

EPA AHERA
Method (see
A p p e n d i x C )

ISO 103 12 (see
A p p e n d i x C )

N I O S H 9002 (see
A p p e n d i x C )
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T a b l e 3
S a m p l i n g S u p p l y and Equipment Checkli s t

Libby Asbe s t o s Projec t
N o t e : T h i s s u p p l y and equipment list should be used in addi t i on to the l i s t f ound in the s p e c i f i c S O P s .
General
SAP
SOPs
H S P
pens
permanent markers
f i e l d book
p i n f l a g s
d ig i ta l camera
garbage bags
100-foot tape measure
GPS unit
c e l l u l a r phone
f i l e box
color p e n c i l s
express s h i p p i n g labe l s
f i e l d f orms
tool kit
Equipment Decontaminat i on/Per sonal
Protective Equipment
rubber overboots
tyvek coverall s
l iquid soap
d i s p o s a b l e gloves
respirators w/ H E P A - t y p e cartridges
duct tape
paper towels
1 -gal z i p - t o p bags
respirator cleaning kit
5-gal water-boy
p a p e r towels
s a f e t y glasses
eye wash kit
f i r s t aid kit
personal decontamination s u p p l i e s :

one tub soapy water
one tub tap water
garden sprayer

l ong-handled brush
aluminum f o i l

Soil S a m p l i n g
bulb p l a n t i n g t oo l , trowel, or other s a m p l i n g device
ice pick, pu la sk i , or spud bar (in case of f rozen ground)
site map
wood stakes
300-f t measuring tape
f l a g g i n g
p l a s t i c sheeting
A i r S a m p l i n g
high-volume s a m p l e p u m p s
low-volume s a m p l e p u m p s
tubing
s ampl e s tands
a i r- f l ow calibrator
tub ing/ ca s s e t t e adap tor s
sample l a b e l s / t a g s
shrink-wrap
extension cord
f i l t e r s (0.45 pn?)
air sampl ing forms
f i l t e r cassettes
s t ep- s too l
tyvek
metric ruler
f i l t e r p a p e r
8 1 / 2 x 1 1 p l a s t i c sheets
masking tape
d i s p o s a b l e hand c leaning wipes
t ape measure
access agreement
f l a s h l i g h t w/ba t t e r i e s
ear p l u g s
m a g n i f y i n g g l a s s
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S h e e t N o : S - _
LIBBY MONTANA SITE INVESTIGATION

FIELD SAMPLE DA TA SHEET FOR
S O I L - L I K E M A T E R I A L S

Address:_________________
A d d r e s s or Location ID:________
GPS (if no address available): North ing_
Owner:

Easting_
Land Use Category: Residential Schoo l Commercial Mining Other (_

_____________ S a m p l i n g Team:________S i t e V i s i t Date: S a m p l e Time:.

Data Item
F i e l d ID Number
Index ID

Matrix T y p e (c i r c l e)

Category ( c i r c l e )

T y p e ( c i r c l e )

T o p Depth (in.)
Bottom Depth (in.)
Map loca t ion(s)
( I n d i c a t e on f i e l d
sketch — over)
Comments

S a m p l e 1

Yard S o i l
Garden S o i l
Driveway
M i n i n g W a s t e

F S
F D

Grab
Comp

S a m p l e 2

Yard S o i l
Garden S o i l
Driveway
M i n i n g Waste
F S

F D
Grab
Comp

S a m p l e 3

Yard S o i l
Garden S o i l
Driveway
M i n i n g Was t e
F S

F D
Grab
Comp



Sheet No: A-
LIBBYMONTANA SITE INVESTIGATION
FIELD SAMPLE DATA SHEET FORA I R

A d d r e s s or Location ID:________
GPS (if no address avai lable): N o r t h i n g _Owner: East ing_
Land Use Category: Resident ial Schoo l Commercial Mining Other (_
S i t e Vis i t Date:_______________ S a m p l i n g Team:________

Data I t e m
F i e l d I D Number
Index ID

Category (c ir c l e)

Matrix T y p e ( c i r c l e )

Location Description
F l o w Meter T y p e
F l o w Meter ID No.
Pump ID Number
;̂î |̂ |;;?i:||:I;||i

li^^i^:^^§j^
tS^M^ii^mjii::-• •::.-• :•••••••. . .•••-• - -:• -'-:;;-:••_: V-:-:::: •: :-: : ::-: .: •::• •:;.;::•;. •-:-

I StartSC^ultell;^^^
S t o p - D a t e
S t o p - T i m e
S t o p - F l o w ( L / m i n )
S t o p - C o u n t e r
Pump f a u l t ?
MET Stat ion onsite?
F i e l d Comments

Casse t t e 1

F S
Rep
Blank
I n d o o r
Outdoor

. • " . , : : : ' ' " . • - . . : : : " : ' : ' . : " - . " . . - ' . • ' ' ' . • ' • : • ' • :

; ;••• , • . . . ' -:•.• •.- • : : . . .-: :•••::•: :

N o Y e s
N o Y e s

Casset te 2

F SRep
Blank
I n d o o r
Outdoor

N o Y e s
N o Y e s

Casset te 3

F S
Rep
Blank
I n d o o r
Outdoor

N o Y e s
N o Y e s



APPENDIX B
S T A N D A R D O P E R A T I N G PROCEDURES
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C D M FEDERAL T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURES
SOP 1-2 S a m p l e Cus tody
SOP 1-3 S u r f a c e Soi l S a m p l i n g
SOP 2-5 Packaging and shipping of Environmental S a m p l e s
SOP 4-1 F i e l d Logbook Content and Control
SOP 4-5 F i e l d Equipment Decontamination at Nonradioactive S i t e s
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Prepared: *M*^\ fX ^ f e U , — — -̂̂ 7?̂  Technical Revie\
Signature/Date s^\ jL^s// fi_jSignature/Date

QA Review: ^lA/o^ XzJLJ-. U^jfa Approved: ^tr&::1--^///^'%/ - V / / / ^ ^
SigoaQire/Date / / / Signature/Date

Issued:
Signature/Eote

1.0 O B J E C T I V E
Due to the evidentiary nature of samples collected during environmental investigations, possession
must be traceable f r om the time the samples are collected until their derived data are introduced as
evidence in legal proceedings. To maintain and document sample possession, sample custody
procedures are f o l l o w e d . All paper work associated with the sample custody procedures will be
retained in CDM Federal Programs Corporation (CDM F e d e r a l ) f i l e s unless the client requests that
it be transferred to them for use in legal proceedings or at the comple t i on of the contract.
2.0 B A C K G R O U N D
2.1 Definit ions
S a m p l e - A material to be analyzed that is contained in s ingle or m u l t i p l e containers representing a
unique sample id en t i f i ca t i on number.
S a m p l e C u s t o d y - A sample is under cus tody if:

1. It is in your possession.
2. It is in your view, af t er being in your possession.
3. It was in your possession and you locked it up.
4. It is in a designated secure area.

C h a i n - o f - C u s t o d y Record - Form used to document the trans f er of custody of samples f r om one
individual to another.
C u s t o d y Seal - A custody seal is a tape-like seal that is part of the chain-of-cus tody process and is
used to prevent tampering with samples a f t er they have been packed for sh ipp ing .
S a m p l e Tag - Tag generated by EPA's Contract Laboratory Program ( C L P ) f o r de s ignat ing a CLP
sample number on samples.

CDM FEDERAL PROGRAMS CORPORATION Technical Standard Openuof Procedure!



SOP 1-2
S A M P L E C U S T O D Y Revision: 0

Date: December 31, 1992
Page 2 of 8

3.0 RESPONSIBILITIES
S a m p l e r - The sampler is personally responsible for the care and custody of the samples col lected
until they are properly transferred or di spatched.
Site Manager - The site manager is responsible for ensuring that strict chain-of-custody procedures
are maintained during all sampling events.
4.0 REQUIRED E Q U I P M E N T
• Chain-of-Cus tody Records (appl i cab l e CLP or CDM Federal f o rms)
• Cus tody Seal s
• S a m p l e T a g s
N o t e : The CLP sample coordinator will s u p p l y the appropria t e C h a i n - o f - C u s t o d y Records, sample

tags, and CLP sample numbers.
5.0 PROCEDURES
5.1 C h a i n - o f - C u s t o d y Record
T h i s procedure e s tabl i shes a method for maintaining cu s tody of samples through use of a
Chain-of-Cus tody Record. T h i s procedure will be f o l l o w e d for all samples collected or spli t samples
accepted.
F i e l d C u s t o d y
1. Col l e c t only the number of samples needed to represent the media being sampled . To the extent

possible, determine the quantity and types of samples and sample locations prior to the actual f i e l d
work. As few peop l e as possible should handle samples.

2. The f i e l d sampler is personally re spons ib l e for the care and cus tody of the sample s col lected until
they are proper ly transferred or d i s pa t ch ed .

3. Sampl e labels shall be completed for each sample, using waterproof ink; sample tags shall also
be completed for CLP work.

CDM FEDERAL PROGRAMS CORPORATION Technical Standard Opening Procedure!
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4. The S i t e Manager determines whether proper custody procedures were fo l l owed during the f i e l d
work and decides if additional samples are required.

T r a n s f e r of C u s t o d y and S h i p m e n t
1. S a m p l e s are accompanied by a Cha in-o f -Cus t ody Record (see F i g u r e 1; C h a i n - o f - C u s t o d y Record).

When trans f err ing the possession of samples, the ind iv idua l s re l inqui shing and receiving will s ign,
date, and note the time on the record. T h i s record documents sample cus tody transfer f r o m the
sampler, o f t e n through another person, to the analyst in the appropriat e laboratory.
• The d a t e / t i m e will be the same for both signatures when custody is transferred d ir e c t ly to

another person. When samples are shipped via common carrier (e.g., Federal Expres s), the
d a t e / t i m e will not be the same for both signatures. Common carriers are not required to sign
the form.

• In all cases, it must be readily apparent that the person who received custody is the same
person who relinquished custody to the next custodian.

• If samples are l e f t unattended or a person refuses to s ign, this must be documented and
explained on the Cha in-o f -Cus t ody Record.

2. S a m p l e s will be packaged proper ly for shipment and d i spat ched to the appropr ia t e laboratory for
analysis , with a separate cus tody record accompanying each shipment.

3. All s h i p m e n t s w i l l be accompanied by the C h a i n - o f - C u s t o d y Record i d e n t i f y i n g its contents. The
original record wi l l accompany the s h i p m e n t , and the copies w i l l be retained by the S i t e Manager
and i f a p p l i c a b l e , d i s t r i b u t e d to the appropr ia t e CLP sample coordinators. F r e i g h t b i l l s wil l also
be retained by the Site Manager as part of the permanent documenta t ion.

Procedure for C o m p l e t i n g COM Federal C h a i n - o f - C u s t o d y Record
Note: Refer to EPA Regional guidel ines for complet ing CLP custody records.
1. Record Project Number. v'
2. Record F i e l d Team Leader for the pro j e c t . ^
3. Record the name and address of the laboratory to which samples are being sh ipped . ^

COM FEDERAL P R O G R A M S C O R P O R A T I O N Technical Sbndud Opening Procedure.
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4. Record the record number and total number of records being shipped for the day. v
5. Enter the pro j e c t name/location or code number. ^
6. Record overnight c o u r i e r ' s airbill number. v

7. N o t e sample type (matrix) and reference number. I n c l u d e reference number if requested on the
C h a i n - o f - C u s t o d y Record, box 9. "

8. Record sample id en t i f i ca t i on number. -
9. Enter the reference number f rom box #7. Record equipment rinseates, trip b lanks, or source

blanks on CLP C h a i n - o f - C u s t o d y Records as directed by the EPA Region.
10. Enter date of sample col lec t ion, v
11. Enter time of sample collection in military time, v
12. Enter an X in appropr ia t e box for sample de s ignat ion - composite or grab. .
13. Samplers must enter their initials next to the samples they collected.
14. List parameters for analysis and the number of containers submitted for each analysis.
15. Enter MS/MSD or MS if sample is for laboratory QC, or other remarks, e.g., sample dep th .
16. Record the type of preservative added by reference number and sample pH. Use the remarks

column if no space is dedicated to preservative.
17. All samplers must sign in the space provided.
18. The originator c h e c k s " ' i n f o r m a t i o n entered in 1 through 17 and then signs the top l e f t

"Relinquished by" box and enters the current date and time ( m i l i t a r y ) .

C U M FEDERAL P R O G R A M S C O R P O R A T I O N Technical S u n d a f d Operating Procedure
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• Upon completion of the custody record form, the white and pink copies shall be sent with the
samples to the laboratory; the yellow copy is retained for the pro j e c t f i l e s . A d d i t i o n a l copies
will be retained for the projec t f i l e or distributed as required to the appropr ia t e sample
coordinators for CLP work.

19. The laboratory sample custodian receiving the samples checks the sample label information
against the custody record form. He or she also checks sample condit ion and notes anything
unusual under "Remarks" on the custody record form. The laboratory custodian receiving
custody signs in the adjacent "Received by" box and keeps the pink copy. The white copy is
returned to CDM Federa l .

5.2 S a m p l e T a g s for CLP Projec t s
S a m p l e tags will be utilized for all samples collected or accepted for CLP pro j e c t s .
1. All sample tags will be securely attached to the sample bott le . On 80 oz. amber bo t t l e s , the tag

string may be looped through the ring style handle and tied. On all other containers, it is
recommended that the string be looped around the neck of the bo t t l e , then twisted and relooped
around the neck until the slack in the string is removed.

2. One tag will be completed for each sample container co l l e c t ed . Each tag wil l be completed as
f o l l o w s (see Figure 2: EPA CLP S a m p l e T a g ) (check with your EPA Regional guide l ine s for
variations):
• Under the "Remarks" heading, enter the CLP Case Number and record the CLP sample

number.
• Record the Project Code assigned by EPA.
• Enter the S t a t i o n Number if a p p l i c a b l e .
• Record the date to indicate the month, day, and year of sample c o l l e c t i on .
• Enter the time (military) of sample collection.
• Place a check to indicate composite or grab sample.
• Record the sample location.
• S a m p l e r s must sign in the space provided.
• Place a check next to "yes" or "no" to indicate if a preservative was added.
• Under "analyses", place a check next to the parameters for which the sample is to be

analyzed. If the desired analysis is not l i s t e d , write it in the e m p t y s l o t . N o t e : Do not write
in the box for "laboratory sample number".
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5.3 S a m p l e S h i p p i n g
CDM Federal's Standard Operating Procedure 2-5: Packaging and S h i p p i n g of Environmental
S a m p l e s e s tabl i shes a uni form method for packaging and s h i p p i n g low level environmental samples.
6.0 RESTRICTIONS/LIMITATIONS
For EPA CLP sampl ing events, combined c h a i n - o f - c u s t o d y / t r a f f i c report f orms will be u t i l i z ed .
Refer to Regional gu id e l in e s for c ompl e t ing these forms.
7.0 REFERENCES
U.S. Environmental Protection Agency, A Compendium of Superfund Field Operations Methods,
E P A / 5 4 0 / P - 8 7 / 0 0 1 , December 1987.
U.S. Environmental Protection A g e n c y , Samplers Guide to the Contract Laboratory Program,
E P A / 5 4 0 / P - 9 0 / 0 0 6 , December 1990.
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Figure 1EXAMPLE CDM Federal Chain-o f-Cus tody Record

CHAIN OF C U S T O D Y
RECORD

98 N M t i W M f t r q M n SlTMt. SuM 20002114
617-742-2659COM FEDERAL PROGRAMS CORPORATION

PROJECT N A M E A . O C A T I O N

NOTE: If requested by the client, d i f f e r e n t Chain-of-Custody records may be used.
Copies of the template for this record may be obtained from the F a i r f a x Graphics Department.
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Figure 2
EXAMPLE EPA CLP S a m p l e Tag
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Prawrvative:
Ye»D N o D

A N A L Y S E S
800 Man
SO** ( T S 8 ) ( T D S ) ( S S )
COO. TOG. Nuirwms
Ptwnotio
Mercury
Mctts
Cyankfe
Oil and QTMM
Organics OC/MS
Piiorlty Pollutants
Volat i l e Organics
Pesticides
Mulagenkaty
Bacteriology
Remarte:

Tag No. Lab S a m p l e:iOioi

j

No

R E G I O N 1

NOTE: If requested by the client, d i f f e r e n t sample tags may be used.
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.QA Review: David 0. Johnson______ A p p r o v e d :

/ S i g n a t u r e / D a t e
I s s u e d : __j_______, _____^__^

S i g n a t u r e / D a t e '

1.0 O B J E C T I V E
The o b j e c t i v e o f thi s standard o p e r a t i n g procedure (SOP) i s to d e f i n e the t e chnique s and the
requirement s f o r c o l l e c t i n g sur fa c e soil s a m p l e s .

2.0 B A C K G R O U N D

2 . 1 D e f i n i t i o n s - " '
S u r f a c e S o i l - The soil that e x i s t s down f r o m th e s u r f a c e a p p r o x i m a t e l y one f o o t (30 c e n t i m e t e r s ) .
D e p e n d i n g on a p p l i c a t i o n , the so i l in t erval to be s a m p l e d w i l l vary.
Grab S a m p l e - A d i s c r e t e p o r t i o n or a l i q u o t taken f r o m a s p e c i f i c l o c a t i o n at a given p o i n t in t ime .
C o m p o s i t e - Two or more s u b s a m p l e s taken f r o m a s p e c i f i c med ia and s i t e at a s p e c i f i c p o i n t in t ime.
The s u b s a m p l e s are c o l l e c t e d and m i x e d , then a s i n g l e average s a m p l e i s taken f r o m the mixture.
S p o o n / S c o o p - A small s t a i n l e s s s teel or T e f l o n u t en s i l a p p r o x i m a t e l y 6 inches in l e n g t h with a stem-
l i k e hand l e .
Trowe l - A smal l s t a i n l e s s steel or T e f l o n shovel a p p r o x i m a t e l y 6 to 8 inches in l e n g t h with a s l i g h t
( a p p r o x i m a t e l y 1 4 0 ° ) curve across. T h e trowel h a s a s t e m - l i k e h a n d l e ( f o r hand op era t i on). S a m p l e s
are c o l l e c t e d with a s p o o n i n g ac t ion.
2.2 D i s c u s s i o n
S u r f a c e soil sample s are c o l l e c t e d to determine the t y p e ( s ) and l e v e l ( s ) of contaminat ion and are o f t e n
important to risk assessment. T h e s e s a m p l e s may be c o l l e c t e d as part of an i n v e s t i g a t i v e p l a n , s i t e-

C D M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d O p e r a t i n g Proc edur e s
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s p e c i f i c sampling plan, and/or as a screen for "hot spots," which may require more extensive sampl ing.
S e d i m e n t ( s ) and s l u d g e ( s ) that have been exposed by evaporation, stream rerouting, or any other means
are c o l l e c t e d by the same methods as those for surface s o i l ( s ) . T y p i c a l l y , the top 1 to 2 cent imeters (cm)
of material , i n c l u d i n g vege ta t ion, are c a r e f u l l y removed b e f or e c o l l e c t i o n of the sample .
S u r f a c e soil and exposed s ed iment or s l u d g e are c o l l e c t e d using s t a i n l e s s s t ee l and/or T e f l o n - l i n e d
t rowe l s or scoops.
2.3 A s s o c i a t e d Proc edur e s

• CDM F e d e r a l SOP 1-2, S a m p l e C u s t o d y
• CDM F e d e r a l SOP 2-5, P a c k a g i n g and S h i p p i n g of Environmental S a m p l e s
• CDM F e d e r a l SOP 4-1, F i e l d L o g b o o k Content and Control
• CDM F e d e r a l SOP 4-5, F i e l d Equipment Decontamination at N o n r a d i o a c t i v e S i t e s

3.0 RESPONSIBILITIES
S i t e Manager - The S i t e Manager is r e s p o n s i b l e for ensuring that s a m p l i n g e f f o r t s are conducted in
accordance with this procedure and any other S O P s pertaining to s p e c i f i c media sampl ing .
F i e l d T e a m Leader - The F i e l d Team Leader i s r e spon s i b l e f or ensuring that f i e l d personnel c o l l e c t
surface soil samples in accordance with this and other relevant procedures.

4.0 REQUIRED E Q U I P M E N T
• I n s u l a t e d cooler and waterproof s eal ing tape
• Ice bags or "blue ice"
• Latex or a p p r o p r i a t e g l o v e s
• P l a s t i c z i p - t o p bags
• Personal pro t e c t iv e c l o t h i n g and equipment
• S t a i n l e s s steel and/or T e f l o n - l i n e d s p a t u l a s and pans, trays, or bowls
• S t a i n l e s s steel and/or T e f l o n - l i n e d trowels or spoons (or equipment as s p e c i f i e d in the site-

s p e c i f i c p l a n s )
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• P l a s t i c sh e e t ing
A d d i t i o n a l equipment are di scussed in S e c t i o n 5.2.2, VOC F i e l d S a m p l i n g / P r e s e r v a t i o n M e t h o d s .

5.0 P R O C E D U R E S

5.1 P r e p a r a t i o n
T h e f o l l o w i n g s t e p s must b e f o l l o w e d when p r e p a r i n g f o r s a m p l e c o l l e c t i o n :
1. Don the a p p r o p r i a t e personal p r o t e c t i v e c l o t h i n g as d i c t a t e d by the s i t e - s p e c i f i c h e a l t h and s a f e t y

plan.
2. The c o l l e c t i o n p o i n t s s h a l l be s t a t e d , l o c a t e d on a s i t e map, and r e f e r e n c e d in the f i e l d l o g b o o k .
3. Proces se s for v e r i f y i n g d e p t h of s a m p l i n g must be s p e c i f i e d in the s i t e - s p e c i f i c p l a n s .
4. P l a c e clean p l a s t i c s h e e t i n g on a f i a t , l e v e l sur fac e near the s a m p l i n g area, if p o s s i b l e , and p l a c e

equipment to be used on the p l a s t i c ; p l a c e the in su la t ed c o o l e r ( s ) on separate p l a s t i c s h e e t i n g .
Cover all equ ipment and s u p p l i e s with clean p l a s t i c s h e e t i n g when not in use.

5. A clean, decontaminated t r owe l , s c o o p , or spoon w i l l be used for each s a m p l e c o l l e c t e d . Other
equipment may be used (e.g., s h o v e l s ) if c on s t ruc t ed of s t a i n l e s s s t e e l .

5.2 C o l l e c t i o n
The f o l l o w i n g general s t e p s must b e f o l l o w e d when c o l l e c t i n g sur fac e so i l s a m p l e s :
1. S u r f a c e so i l s a m p l e s are n o r m a l l y c o l l e c t e d f r o m the l ea s t - contaminat ed to the most-

contaminated areas. S t a y o u t s i d e a s p e c i f i c s a m p l i n g l o c a t i o n unt i l a l l s a m p l e s are c o l l e c t e d at
that l o ca t i on .

2. Document the s a m p l i n g events , r e c ord ing the i n f o r m a t i o n in the d e s i g n a t e d f i e l d l o g b o o k .
Document any and al l d e v i a t i o n s f r o m S O P s in the f i e l d l o g b o o k and i n c l u d e r a t i o n a l e for
changes. See CDM F e d e r a l SOP 4-1.

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d O p e r a t i n g P r o c e d u r e s
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3. C a r e f u l l y remove stones, vegetat ion, snow, etc. f r om the s a m p l i n g l o ca t i on surface.
4. Firs t co l lec t sample portions or aliquots for vo la t i l e analyses as well as any other samples that

would be degraded by aeration. F o l l o w with c o l l e c t i o n of s ampl e s for other analyse s .
6. Decontaminate s a m p l i n g equipment between loca t ions . See CDM F e d e r a l SOP 4-5.
5.2.1 M e t h o d f o r C o l l e c t i n g S a m p l e s f o r V o l a t i l e Organic C o m p o u n d ( V O C ) A n a l y s i s
The requirements for c o l l e c t i n g grab s a m p l e s o f sur face soil for V O C s or other s a m p l e s d e g r a d e d by
aeration are as f o l l o w s :
1. VOC sample s sha l l be c o l l e c t e d with the least d i s turbance p o s s i b l e .
2. VOC sample s sha l l be c o l l e c t e d as grab s a m p l e s ; however, the method of c o l l e c t i o n w i l l vary f r om

site to site, based on data q u a l i t y o b j e c t i v e s and the degree of known or suspected contamination.
3. Label the sample containers^with the a p p r o p r i a t e in f ormat i on . Secure the l a b e l , covering it with a

piece of clear tape.
4. Use a clean s ta in l e s s s t e e l or T e f l o n - l i n e d trowel or spoon (or tube) to c o l l e c t s u f f i c i e n t material in

one grab, over the required s a m p l i n g i n t e r v a l / t o f i l l th e s ampl e containers.
5. With the aid of a clean s t a i n l e s s s tee l s p a t u l a , q u i c k l y fill the sample containers d i r e c t l y f r om the

s a m p l i n g device, removing s tones , t w i g s , grass, etc., f rom the sample . Fill the containers as f u l l and
compact as p o s s i b l e to m i n i m i z e h e a d s p a c e .

6. I m m e d i a t e l y secure the T e f l o n - l i n e d caps on the s a m p l e container.
:»

7. W i p e the containers clean with a c l ean K i m w i p e or p a p e r towe l .
I • -

8. Place the containers in ind iv idua l z i p - t o p p l a s t i c bag(s) and seal the bag(s).
9. Pack all samples as required. I n c l u d e p r o p e r l y c o m p l e t e d documentation, and affix signed and dated

cus tody seals to the coo l er l id .

C D M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d Operat ing Procedure s



SOP 1-3
S U R F A C E S O I L S A M P L I N G Revision: 3

Date: February 18, 1999
Page 5 of 13

5 . 2 . 2 F i e l d S a m p l i n g / P r e s e r v a t i o n M e t h o d s
The f o l l o w i n g f our sections contain SW 846 methods for sampl ing and f i e l d preservation. The s e me thod s
inc lude EN CORE™ S a m p l e r Method for low level d e t e c t i o n l i m i t s , EN CORE™ S a m p l e r M e t h o d for
high l e v e l / d e t e c t i o n l imi t s / s c r e en ing , Acid preservation, and Methanol preservation. T h e s e methods may
be used if required by the EPA Region, c l i e n t , or governing sample plan. T h e s e methods are very d e t a i l e d
and contain equipment requirements at the beginning of each section.
N o t e : S o m e variations f r o m these m e t h o d s may be required d e p e n d i n g on the contracted a n a l y t i c a l
labora tory , such as s a m p l e volume.
5.2.2.1 E N C O R E ™ S A M P L E R C O L L E C T I O N F O R L O W L E V E L A N A L Y S E S ( > 1 U G / K G )
E N C O R E ™ S a m p I i n g E q u i p m e n t R e q u i r e m e n t s
The f o l l o w i n g equipment i s required for l ow l eve l ana ly s i s :
• Two 5g sampler s .
• One 25g s a m p l e r or one 5g" s a m p l e r for screening and or h igh l eve l a n a l y s i s . (The s a m p l e r
• size used w i l l be d e p e n d e n t on who is d o i n g the s a m p l i n g and who is d o i n g the labora t ory
• a n a l y s i s ) .
• One dry weight cup.
• One T - h a n d l e .
• P a p e r t o w e l i n g .
E N CORE™ S a m p l i n g S t e p s f o r L o w Leve l A n a l y s i s
1. Remove s a m p l e r and cap f r o m p a c k a g e and attach T - h a n d l e to s a m p l e r body.
2. Q u i c k l y pu sh the s a m p l e r into a f r e s h l y e xpo s ed sur face o f soil un t i l the s a m p l e r i s f u l l .
3. Use p a p e r t o w e l i n g to q u i c k l y wipe the s a m p l e r head so that the cap can be t i g h t l y a t ta ch ed .
4. Push cap on with a t w i s t i n g mot ion to at tach cap.
5. Fill out l ab e l and attach to s a m p l e r .
6. Repeat procedure for the other two sampler s .

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d Opera t ing P r o c e d u r e s
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7. C o l l e c t dry weight sample.
8. S t o r e samplers at 4 degrees Ce l s iu s .
S h i p s ampl e containers with p l e n t y of ice to the laboratory within 40 hours of c o l l e c t i o n .
5.2.2.2 A C I D P R E S E R V A T I O N S A M P L I N G F O R L O W L E V E L A N A L Y S E S ( > 1 U G / K G ;
A c i d Pre s erva t i on S a m p l i n g E q u i p m e n t Requirement s
The f o l l o w i n g equipment and s u p p l i e s ar e required f or f i e l d A c i d pre s ervat ion:
• One 40mL VOA vial with acid pre s erva t i on (for f i e l d t e s t ing of soil pH). Two pre-weighed 40mL

VOA vials with acid pre s ervat ive and s t ir bar (for lab ana ly s i s)
• Two pre-weighed 40mL VOA v i a l s with water and stir bar (in case s a m p l e s e f f e r v e s c e s ) .
• One pre-weighed jar that contains methanol or a pre-weighed empty jar accompanied with a
• pre-weighed vial that contains methanol (for screening sampl e and/or h igh l eve l a n a l y s i s ) .
• One dry weight cup. •"'
• One 2oz jar with acid preservative (in case a d d i t i o n a l acid is needed due to high
• soil pH).
• One scoop capab l e to d e l i v e r about one gram of s o l i d sodium b i s u l f a t e .
• pH paper.
• W e i g h i n g balance that weighs to 0.01 g (with an accuracy o f + O . l g ) .
• Set of balance we ight s used in d a i l y balance ca l i bra t i on .
• G l o v e s for working with pre-we ighed s a m p l e vials .
• Paper t owe l ing .
• S o d i u m b i s u l f a t e acid (NaHSO<) acid.
• A c u t o f f p l a s t i c syringe or other coring device to d e l i v e r 5 g or 25g of s o i l .

"*'T e s t i n g E f f e r v e s c i n g C a p a c i t y o f S o i l s
A -

S o i l s must be tested with acid to de t ermine the amount of e f f e r v e s c i n g that w i l l occur when preserved
with acid. E f f e r v e s c i n g wil l drive off V O C s as well as create a very high pressure in a sealed vial which
c o u l d e x p l o d e . The f o l l o w i n g s t e p s w i l l p r o v i d e i n f o r m a t i o n on th e e f f e r v e s c i n g capac i ty o f t h e s o i l .
1. P l a c e ~ 5 g of soil into a vial that contains acid preservative and no stir bar.
2. Do not cap th i s vial as it may E X P L O D E upon interact ion with the s o i l .

COM F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l Standard Operating Procedures
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3. Observe the s ampl e for gas evo lu t i on (due to carbonates in the s o i l ) .
4. If vigorous or sustained gas evo lu t i on occurs; then acid pre s ervat ion is not a c c e p t a b l e to preserve

the sample .
• In th i s case the s a m p l e s need to be c o l l e c t e d in the VOA v i a l s with o n l y water and a

stir bar. The v ia l s with acid preservat ive CANNOT be used.
5. If a smal l amount or no gas evo lu t i on occurs: then acid pre s ervat ion is a c c e p t a b l e to preserve

the s ampl e . K e e p this t e s t i n g vial for use in the b u f f e r i n g t e s t i n g d e t a i l e d below.
• In this case the s a m p l e s need to be c o l l e c t e d in the VOA v i a l s with the acid pre s erva t ive

and a s t ir bar.
T e s t i n g B u f f e r i n g C a p a c i t y o f S o i l s
The s o i l s must be t e s t ed to d e t e rmine the quant i ty of acid that is required to reach a l e s s than 2 pH
r ead ing . The f o l l o w i n g s t e p s w i l l assist in d e t e rmin ing this quantity.
1. If acid pre servat ion is a c c e p t a b l e for s a m p l i n g s o i l s then the s a m p l e vial that was used in the

e f f e r v e s c i n g t e s t i n g can be used here for the b u f f e r i n g t e s t i n g .
2. Cap the vial that contains 5g of s o i l , acid pre s ervat ive and no s t i r bar f r o m s t e p 1 in the

e f f e r v e s c i n g t e s t i n g .
3. S h a k e the vial g e n t l y to a t t e m p t to make a homogenous s o l u t i o n .
4. When done, open the vial and check the pH of the acid s o l u t i o n with the pH paper .
• If the pH paper reads be low 2 then the s a m p l i n g can be done in the two pr e-we ighed 40mL

VOA t r i a l s with the acid preservative and s t ir bar. S i n c e the pH was be low 2, it is not
necessary to add a d d i t i o n a l acid to the v i a l s .

• If the pH p a p e r reads above 2, then a d d i t i o n a l acid needs to be a d d e d to the s a m p l e v ia l .
5. Use the jar with the s o l i d sodium b i s u l f a t e acid and add another one gram of acid to the s a m p l e .

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d Opera t ing Procedures
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6. Cap the vial and shake t h o r o u g h l y again.
7. When done, open the vial and check the pH of the acid so lu t ion with a new piece of paper.
• If the pH paper reads be low 2 then the s a m p l i n g can be done in the two pre-weighed 40mL

VGA t r i a l s with the acid preservative and stir bar and one extra gram of acid.
• Make a note of the extra gram of acid needed so the same amount of extra acid can be a d d e d

to the v i a l s the lab w i l l analyze.
« If the pH paper reads above 2, then add another gram of acid and repeat this procedure one

more time.
Now that the soil chemis try has been de t ermined the actual s a m p l i n g can occur. The procedure s ta t ed
be low assumes the correct v i a l s are used based on the guidance d i s cu s s ed .
S a m p l e Pre s erva t i on S t e p s
1. Wear g l o v e s during all handl ing of pre-weighed vial s .
2. Q u i c k l y c o l l e c t a 5g s a m p l e using a cut off p l a s t i c syringe or other coring device d e s i g n e d

to d e l i v e r 5g o f soi l f r o m a f r e s h l y expo s ed sur face o f s o i l .
3. C a r e f u l l y wipe exterior o f s a m p l e c o l l e c t i o n device with clean p a p e r t o w e l i n g .
4. Q u i c k l y t r a n s f e r to the a p p r o p r i a t e VOA t r i a l , e x t r u d i n g with caution so that the s o l u t i o n

does not s p l a s h out of the vial.
5. Add more acid if necessary (th i s is based on the b u f f e r i n g t e s t i n g di scus sed in the previous

s ec t ion). :

/-t
6. Use the paper towel ing and quickly remove any soil off the vial threads.
7. Cap vial and weigh the jar to the nearest 0.01 g.
8. Record exact weight on sample labe l .
9. Repeat s a m p l i n g procedure for the d u p l i c a t e VOA vial.

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d Opera t ing Procedure s
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10. W e i g h the vial with methanol preservative in it to the nearest O . O l g . If the weight of the vial w i th
methanol varies by more than O . O l g f r om the original weight recorded on the v ia l -d i s card the v i a l .
If the we ight is within tolerance it can be used for soil pre s ervat ion below.

11. T a k e the e m p t y jar or the jar that contains the methanol pre s ervat ive .
12. Quickly c o l l e c t a 25g or 5g sample using a cut off p l a s t i c syringe or other coring device d e s i g n e d

to d e l i v e r 25g or 5g of soil f r o m a f r e s h l y e xpo s ed sur face of s o i l . The 25g or 5g size i s d e p e n d e n t
on who is d o i n g the s a m p l i n g and who is d o i n g the laboratory analysi s .

13. C a r e f u l l y wipe the ex terior o f the c o l l e c t i o n device with clean p a p e r t o w e l i n g .
14. Q u i c k l y t r a n s f e r the soil to an empty jar or a j a r that contains methanol. If e x t r u d i n g into a

jar that contains methanol be car e fu l not to s p l a s h the methanol o u t s i d e of the vial . A g a i n , the
t y p e of jar received is d e p e n d e n t on who is do ing the labora tory analys i s .

15. If the jar used to c o l l e c t the soil p l u g was e m p t y b e f o r e the so i l was a d d e d , i m m e d i a t e l y
preserve with the methanol p r o v i d e d - u s i n g o n l y one v ia l o f methanol p r e s e r v a t i v e per s a m p l e
jar .

16. Use the p a p e r t o w e l i n g and remove any s o i l off of the vial threads and cap the jar.
17. W e i g h the jar with the soil in it to the nearest O . O l g and record the weight on the s a m p l e l a b e l .
18. C o l l e c t dry weight s a m p l e - f i l l container.
19. S t o r e s a m p l e s at 4 degree s C e l s i u s .
20. S h i p s a m p l e containers with p l e n t y of i ce and per Department o f T r a n s p o r t a t i o n ( D O T )

regu la t i on s ( C O R R O S I V E . F L A M M A B L E L I Q U I D . P O I S O N ) t o t h e laboratory.
5.2.2.3 E N CORE S A M P L E R C O L L E C T I O N F O R H I G H L E V E L A N A L Y S E S (>200 U G / K G )
EN CORE™ S a m p l i n g Equ ipmen t Requ ir ement s
T h e f o l l o w i n g equ ipment i s required f o r h i g h l e v e l analys i s:

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d Opera t ing P r o c e d u r e s
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• One 25g sampler or one 5g sampler ( T h e s ampl er size used will be d e p e n d e n t on who is
d o i n g the s a m p l i n g and who is do ing the laboratory analys i s).

• One dry weight cup.
• One T - h a n d l e .

Paper towel ing.

E N C O R E ™ S a m p l i n g S t e p s f o r H i g h Level A n a l y s i s
1. Remove sample and cap f r o m package and attach T - h a n d l e to s ampl er body.
2. Quick ly pu sh the sampl er in to a f r e s h l y e x p o s e d s u r f a c e o f soil until the s ampl e r i s f u l l .
3. Use p a p e r t o w e l i n g to q u i c k l y wipe the s a m p l e r head so that the cap can be t i g h t l y at tached.
4. Push cap on with a t w i s t i n g mo t i on to attach cap.
5. Fill out labe l and attached to-"sampler.
6. C o l l e c t dry weight sampl e .
7. S t o r e sampler s at 4 degree s C e l s i u s .
8. S h i p sample containers with p l e n t y of ice to the labora tory wi thin 40 hours of c o l l e c t i o n .
5.2.2.4 M E T H A N O L P R E S E R V A T I O N S A M P L I N G F O R H I G H L E V E L A N A L Y S E S
(>200 U G / K G )

M e t h a n o l P r e s e r v a t i o n S a m p l i n g E q u i p m e n t R e q u i r e m e n t s
i.

• One pre-weighed jar that contains me thano l or a pre-we ighed empty jar accompanied with a
pre-weighed vial that contains methane! ( l a b o r a t o r y grade).

• One dry weight cup.
• W e i g h i n g balance that a c c u r a t e l y we igh s t o 0 .0 Ig (wi th accuracy o f ±0 . Ig).
• Set of balance we ight s used in d a i l y balance c a l i b r a t i o n .
• Latex g love s .
• Paper towel.

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l Siandard Operat ing Procedure s
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C u t o f f p l a s t i c syringe or other coring device to d e l i v e r 5g or 25g of soi l .
S a m p l i n g Pre s erva t i on S t e p s
1. Wear g love s during all h a n d l i n g of pre-weighed vials .

2. W e i g h the vial with methanol preservat ive in it to the nearest O . O l g . If the weight of the vial
with methanol varies by more than O . O l g f rom the original weight recorded on the vial-
discard the vial. If the weight is within to lerance it can be used for soil p r e s e r v a t i o n / c o l l e c t i o n
below.

3. T a k e the e m p t y jar or the jar that contains the methanol preservat ive.
4. Qui ck ly c o l l e c t a 25g or 5g s a m p l e using a cut off p l a s t i c syringe or other coring device

d e s i g n e d to d e l i v e r 25g or 5g of soil f r o m a f r e s h l y e xpo s ed surface of s o i l . The 25g or 5g
size used is d e p e n d e n t on who is do ing the s a m p l i n g and who is d o i n g the labora tory a n a l y s i s .

5. C a r e f u l l y wipe the ex ter ior of the c o l l e c t i o n dev i c e with clean p a p e r t o w e l i n g .
6. Q u i c k l y t r a n s f e r the soi l to an e m p t y jar or a jar that contains methanol. If e x t r u d i n g into a

jar that contains methanol be care fu l not to s p l a s h the methano! ou t s id e of the vial. A g a i n , the
t y p e of jar used is d e p e n d e n t on who is d o i n g the l abora t ory ana ly s i s .

7. If the jar used to c o l l e c t the soil p l u g was empty b e f o r e the so i l was a d d e d , i m m e d i a t e l y
preserve with the methanol p r o v i d e d - u s i n g o n l y one vial of methanol pre s ervat ive per s a m p l e
jar.

8. U s i n g the p a p e r t owe l ing-remove any so i l off of the vial threads and cap the jar.
9. W e i g h the jar with the soil in it to the nearest O . O l g and record the weight on the s a m p l e l a b e l .

10. C o l l e c t dry weight s a m p l e - f i l l container.
11. S t o r e s a m p l e s at 4 degree s C e l s i u s .
12. S h i p s a m p l e containers with p l e n t y of i ce and per DOT r e g u l a t i o n s ( C O R R O S I V E .

F L A M M A B L E L I Q U I D . P O I S O N ) t o t h e laboratory.

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d O p e r a t i n g Proc edure s
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5.2.3 M e t h o d f o r C o l l e c t i n g S a m p l e s f o r N o n v o l a t i l e Organic o r I n o r g a n i c C o m p o u n d A n a l y s i s
The requirements for c o l l e c t i n g s a m p l e s of surface soil for n o n v o l a t i l e ' o r g a n i c or inorganic analyses are
as f o l l o w s :
1. Label each sampl e container with the a p p r o p r i a t e in f ormat i on . Secure the l a b e l by covering it

with a piece of clear tape.
2. Use a decontaminated s t a in l e s s s teel or T e f l o n - l i n e d trowel or spoon to obtain s u f f i c i e n t s a m p l e

f r om the required interval and s u b s a m p l i n g p o i n t s , i f necessary, to f i l l the s p e c i f i e d s a m p l e
containers.

3. E m p t y the content s of each fill of the s a m p l i n g device d i r e c t l y into a clean s ta in l e s s s t ee l or
T e f l o n - l i n e d tray or bowl.

4. H o m o g e n i z e the sample by mixing with a spoon, s p a t u l a , or trowel.
5. Use the spoon, spatu la , or trowel to d i s t r ibu t e the uniform mixture into the l a b e l e d sample

containers. F i l l organic s a m p l e containers f i r s t , then inorganics .
6. Secure the a p p r o p r i a t e cap on each container i m m e d i a t e l y a f t e r f i l l i n g it.
7. W i p e the s a m p l e containers clean with a clean K i m w i p e or p a p e r t o w e l .
8. P l a c e s ampl e containers in i n d i v i d u a l z i p - t o p p l a s t i c bags and seal the bags.
9. Pack al l s ampl e s as required. I n c l u d e p r o p e r l y c o m p l e t e d do cumenta t i on , and a f f i x c u s t o d y

s ea l s to the cooler l i d .
10. Decontaminate s a m p l i n g equipment according to CDM F e d e r a l SOP 4-5.
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6 . 0 R E S T R I C T I O N S / L I M I T A T I O N S
When grab s a m p l i n g for VOC analys i s or for analys i s of any other c o m p o u n d ( s ) that may be d e g r a d e d
by aeration, it is necessary to minimize s a m p l e dis turbance and, hence, analyze l o s s . The
repre s enta t ivene s s o f thi s s ampl e , however, i s d i f f i c u l t to d e t ermine because the c o l l e c t e d s a m p l e
represent s a s i n g l e p o i n t , is not homogenized, and has been d i s turb ed .

7.0 R E F E R E N C E S
U . S . Department of Energy, Hazardous Was t e Remedial A c t i o n s Program, Qualify Control Requirements
For Field Methods, D O E / H W P - 6 9 / R 1 , July 1990 or current revision.
U . S . Department o f Energy, Hazardou s W a s t e Remedia l A c t i o n s Program, Standard Operating
Procedures For Site Characterizations, D O E / H W P - 1 0 0 , July 1990 or current revision.
U . S . Environmental P r o t e c t i o n A g e n c y , A Compendium of Superfund Field Operations Methods,
E P A / 5 4 0 / P - 8 7 / 0 0 1 , December 1987 or current revision.
U . S . Environmental P r o t e c t i o n A g e n c y , Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods (SW-846), T h i r d E d i t i o n , N o v e m b e r 1986, ( a s amended b y U p d a t e I I I , J u n e 1997). M e t h o d
5035: C l o s e d - S y s t e m P u r g e - a n d - T r a p and E x t r a c t i o n f or V o l a t i l e Organics in S o i l and W a s t e S a m p l e s .
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Technical Review: 4*171 Signature/Date V \ /; /) /> J S i g n a t U r e / D a t e
OA Review: .J//LL&4. d.TltjL' tofchf .Approved: ^°*)fr&z£^^^J { A*A/C>~

~~ '7' '' c:

Issued
. Signatur e /Date /j / SignatunvDate

: &&L ^JU Signanfr e /Daie

1.0 O B J E C T I V E
The objec t ive of this standard operating procedure (SOP) is to establish packaging and s h i p p i n g
requirements and guidelines for environmental sample shipping.

2.0 B A C K G R O U N D
2.1 Definitions
Environmental S a m p l e - An Environmental S a m p l e is any sample that has less than importable
quantities for any hazardous constituents according to Department of Transportation (DOT) regulat ions
promulgated in 49 CFR - Part 172..
Chain of Cus tody Seal - Narrow strip of adhesive paper used to demonstrate that no tampering has
occurred.
2.2 Discussion
Proper packaging and sh ipp ing is necessary to ensure the protect ion of the integrity of environmental
samples shipped for analysis.
23 Associated Procedure

' i

• CDM Federal SOP 1-2, S a m p l e Cus tody

3.0 RESPONSD3HJTIES
F i e l d Team Leader - The F i e l d Team Leader is responsible for ensuring that packaging and sampl ing
procedures are conducted hi accordance with this SOP. The F i e l d Team Leader is also responsible for
ensuring that laboratory analysis of samples is proper ly coordinated by CDM Federal.
CDM FEDERAL PROGRAMS CORPORATION Technical Standard Operating Procedures
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4.0 REQUIRED E Q U I P M E N T
• Coolers with return address of CDM Federal o f f i c e
• Heavy-duty p la s t i c garbage bags
• Plastic zip-top bags, small and large
• Clear T a p e
• Fiber tape
• Duct tape
• Vermiculite (or equivalent)*
• Bubble wrap (opt i onal)
• Ice

Chain-of-Cus tody seals
• C o m p l e t e d Chain-o f-Cus tody record or CLP custody records if a p p l i c a b l e
• C o m p l e t e d Bill of Lading

"This End Up" and directional arrow labels
* Check for any c l i ent- spec i f i c or laboratory requirements related to the use of absorbent packaging

materials.

5.0 PROCEDURES
The f o l l o w i n g s teps must be f o l l o w e d when packing sample bo t t l e s and jars for shipment:

1. V e r i f y the samples undergoing shipment meet the de f in i t i on of "Environmental Sample" and are
not a hazardous material as de f ined by DOT. Profess ional judgement and/or consultation with
the appropr ia t e H e a l t h and S a f e t y Coordinator or the Heal th and S a f e t y Manager should be
observed.

2. Select a sturdy cooler in good repair. Secure and tape the drain p l u g with f i b er or duct tape.
Line the cooler with a large heavy-duty plas t i c garbage bag.

&

3. Be sure the caps on all bott les are tight (will not leak); check to see that label s and chain-of-
custody records are completed proper ly (SOP 1-2, S a m p l e Custody).

4. Place all bottles in separate and appropr ia t e ly sized plas t i c zip-top bags and close the bags. Up
to three VOA vials may be packed in one bag. Bottles may be wrapped in bubble wrap.
Optionally, place three to six VOA vials in a quart metal can and then fill the can with
vermiculite or equivalent. Note: T r i p blanks must be included in coolers containing VOA
samples.

CDM FEDERAL PROGRAMS CORPORATION Technical Standard Operating Procedures
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5. Place two to f our inches of vermiculite (or equivalent) into a cooler that has been lined with a
trash bag, and then place the bottles and cans in the bag with s u f f i c i e n t space to allow for the
addi t ion of more packing material between-the bott les and cans. It is pre f erab l e to place glass
sample bo t t l e s and jars into the cooler vertically. Due to the strength proper t i e s of a glass
container, there is much less chance for breakage when the container is packed vertically rather
than horizontally.

6. Put ice in large p las t i c zip-top bags (double bagging the z ip-tops is p r e f e r r e d ) and p r o p e r l y seal.
Place the ice bags on top of and/or between the samples. Several bags of ice are required
(dependant on outdoor temperature, staging time, etc.) to maintain the cooler temperature at
less than or equal to 4° Centigrade. Fill all remaining space between the bo t t l e s or cans with
packing material. Securely fas t en the top of the large garbage bag with f i b er or duct tape.

7. Place the comple t ed Chain-o f-Cus tody Record or the CLP Traffic Report Form (if a p p l i c a b l e )
for the laboratory into a p la s t i c zip-top bag, seal the bag, tape the bag to the inner side of the
cooler's l id , and then close the cooler.

8. Fiber tape shall be wrapped around each end of the cooler two times, and comple ted Chain-of-
Custody seals a f f i x e d to the top o p p o s i t e sides of the cooler, half on the f i b er tape so that the
cooler cannot be opened without breaking the seal. Compl e t e two more wraps around with
f i b e r tape; p lace clear tape over custody seals.

9. The sh ipp ing container lid must be marked "THIS END UP" and arrow label s which indicate the
proper upward posi t ion of the container should be a f f i x e d to the cooler. A label containing the
name and address of the shipper (CDM F e d e r a l ) shall be placed on the outs ide of the container.
Labels used in the shipment of hazardous materials (such as Cargo Only Air C r a f t , F l a m m a b l e
S o l i d s , etc.) are not permitted to be on the outside of the container used to transport
environmental samples and shall not be used. The name and address of the laboratory shall be
placed on the container, or when s h i p p i n g by common courier, the Bill of Lading shall be
comple t ed and attached to the lid of the s h i p p i n g container.

6.0 R E S T M C n O N S / U M T T A H O N S
The holding times for the samples packed for shipment must not be exceeded. It is recommended that
samples be packed in time to be shipped nightly for overnight delivery. Use caution when shipping
samples for weekend delivery; make arrangements with laboratory before sending samples.
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7.0 REFERENCES
U . S . Environmental Protection Agency, Sampler's Guide to the Contract Laboratory Program,
E P A / 5 4 0 / P - 9 0 / 0 0 6 , December 1990.
U . S . Environmental Protection Agency, Region IV, Standard Operating Procedures and Quality
Assurance Manual., February 1991.
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Prepared: Del Baird____________ Technical Review: J a c k i e Mosher ^i _ . . . . — • — — i i i - — — - i . - - — _<-_^_ n » — — — " ' " " • — " J t T ' ~ ' f T

QA Review: David 0. Johnson_______ A p p r o v e d :
I s s u e d :

/ S i g n a t u r e / D a t e
1.0 O B J E C T I V E
The o b j e c t i v e of this standard operat ing procedure (SOP) is to set CDM F e d e r a l criteria for content entry
and f orm of f i e l d logbooks .

2.0 B A C K G R O U N D
2.1 D e f i n i t i o n s
Biota - The f l o r a and fauna of a region.
Decontaminat ion - To remove contaminants f r om f i e l d s a m p l i n g equipment that might bias analy t i ca l
resul t s .
M a g n e t i c D e c l i n a t i o n Corre c t i on s - Compas s a d j u s t m e n t s to correct for the ang l e between magne t i c north
and geographical meridians.
2.2 Dis cu s s i on
I n f o r m a t i o n recorded in f i e l d l ogbook s inc lude observations, data, c a l c u l a t i o n s , time, weather, d e s c r i p t i o n
of the data c o l l e c t i o n ac t iv i ty , methods, instruments, and result s . A d d i t i o n a l l y , the l o g b o o k may contain
de s cr ip t ions of wastes, biota, g eo l og i c material, and site f ea ture s i n c l u d i n g sketches, maps, or drawings as
a p p r o p r i a t e . . •;'

3.0 RESPONSIBILITIES
F i e l d T e a m L e a d e r (FTL) - The FTL i s r e s p o n s i b l e for ensuring the nature and f orm of data entries are
conducted in accordance with this procedure.
S i t e Personnel - All CDM F e d e r a l e m p l o y e e s who make entries in f i e l d logbooks during on-site a c t i v i t i e s
are required to read this procedure prior to engaging in this activity. The FTL wi l l assign f i e l d l ogbook s to

C D M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d O p e r a t i n g P r o c e d u r e s
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site personnel who will be responsible for their care and maintenance.

4.0 REQUIRED E Q U I P M E N T
• S i t e - s p e c i f i c plans
• F i e l d notebook
• I n d e l i b l e black or blue ink pen
• Ruler or similar scale (in some circumstances)

5.0 PROCEDURES
5.1 Preparat ion

In add i t i on to this SOP, site personnel responsible for maintaining logbooks must be f a m i l i a r with other
pertinent CDM Federal and site SOPs. These should be consulted as necessary to obtain s p e c i f i c
information about equipment and suppl i e s , health and sa f e ty , sample co l l e c t ion, packaging,
decontamination, and documentation. Thes e procedures should be located at the f i e l d o f f i c e .
F i e l d logbooks shall be bound with'lined, consecutively numbered pages. All pages must be numbered
prior to initial use of the logbook. Prior to use in the f i e l d , each logbook will be marked with a s p e c i f i c
document control number issued by the document control administrator, if required by the QIP. Not all
contracts require document control numbers. The f o l l o w i n g information shall be recorded on the cover of
the logbook:

• F i e l d Logbook Document Control Number
• A c t i v i t y (if the logbook is to be a c t i v i t y - s p e c i f i c )
• Name of CDM Federal contact and phone number(s)
• Start date

;£
The first few (approximate ly f i v e ) pages of the logbook will be reserved for a table of contents. Mark the
f i r s t page with the heading and enter the f o l l o w i n g :

T A B L E OF CONTENTS
Date/Description Page
(Start Date)/Reserved for TOC 1 -5

CDM F E D E R A L PROGRAMS C O R P O R A T I O N Techn i ca l Standard O p e r a t i n g Procedures
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The remaining pages of the T a b l e of Contents will be des ignated as such with "TOC" written on the top
center of each page.
5.2 Operat ion
The f o l l o w i n g is a l i s t of requirements that must be f o l l o w e d when using a logbook:

• Record work, observations, quanti t ie s of materials , calculations, drawings, and r e la t ed
information direc t ly in the logbook. If data co l l e c t ion forms are s p e c i f i e d by an ac t ivi ty-
s p e c i f i c p lan , this in format ion need not be d u p l i c a t e d in the logbook. However , any f o r m s used
to record site information must be referenced in the logbook.

• Do not start a new page until the previous one is f u l l or has been marked with a s i n g l e d iagonal
l ine so that a d d i t i o n a l entries cannot be made. Use both s ides of each page.

• Do not erase or blot out any entry at any time. I n d i c a t e any de l e t i on by a s ingl e l ine through the
material to be d e l e t e d . Initial and date each d e l e t i on . Take care to not o b l i t e r a t e what was
written previous ly.

• Do not remove any page s f r om the book.
• Record as much i n f o r m a t i o n as p o s s i b l e .

S p e c i f i c requirements f o r f i e l d l o g b o o k entries i n c l u d e :
• Initial and date each page
• S i g n and date the f i n a l page of entries for each day
• I n i t i a l and date all changes
• M u l t i p l e authors must s ign out the l o g b o o k by in s er t ing the f o l l o w i n g :

Above notes authored by:
- (Sign name) ^
- (Print name) •*
- (Date)

• A new author must sign and print h i s / h e r name be fore a d d i t i o n a l entries are made
• Draw a diagonal l ine through the remainder of the f ina l page at the end of the day
• Record the f o l l o w i n g i n f o r m a t i o n on a d a i l y basis:

- Date and time
- Name of individual making entry

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l . S t a n d a r d O p e r a t i n g Procedure s
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- Names of f i e l d team and other persons on-site
- Descript ion of act ivity being conducted inc lud ing s tation (i.e., w e l l , boring,

sampl ing l o ca t i on number) i f a p p r o p r i a t e
- Weather condit ions (i.e., temperature, cloud cover, p r e c i p i t a t i o n , wind direc t ion, and

s p e e d ) and other per t inent data
- Level of personal pro t e c t i on to be used
- Serial numbers of instruments
- Required cal ibrat ion in f ormat i on
- Seria l / t rack ing numbers on documentation (e.g., carrier a irb i l l s)

Entries into the f i e l d l ogbook shall be preceded with the time (written in mi l i tary units) of the observation.
The time should be recorded f r e q u e n t l y and at the po int of events or measurements that are crit ical to the
ac t iv i ty being l o g g e d . All measurements made and s a m p l e s c o l l e c t e d must be recorded unless they are
documented by automatic methods (e.g., data l o g g e r ) or on a separate form required by an operat ing
procedure. In these cases, the l o g b o o k must r e f e r en c e the automatic data record or form.
At each station where a sample is c o l l e c t e d or an observation or measurement made, a d e ta i l ed d e s c r ip t i on
of the l o ca t i on of the s tat ion is required. Use a compas s ( i n c l u d e a reference to magnetic d e c l i n a t i o n
corrections), scale, or nearby survey markers, as a p p r o p r i a t e . A sketch of s ta t i on l o ca t i on may be
warranted. All maps or sketches made in the l o g b o o k shou ld have d e s c r i p t i o n s of the f eature s shown and a
d i r e c t i o n ind i ca tor . It is p r e f e r r e d that maps and sk e t che s be oriented so that north is toward the top of the
page.
Other events and observations that s h o u l d be recorded i n c l u d e :

• Changes in weather that impac t f i e l d a c t i v i t i e s
• Deviations f r o m procedure s o u t l i n e d in any governing documents. A l s o record the reason for

any noted deviat ion.
• Problems, downtime, or d e l a y s
• U p g r a d e or downgrade of personal p r o t e c t i o n equipment

5.3 Pos t -Opera t i on
To guard against loss of data due to damage or di sappearance of logbooks , c o m p l e t e d page s sha l l be
p e r i o d i c a l l y pho to cop i ed (weekly, at a minimum) and forwarded to the f i e l d or pro j e c t o f f i c e . Other f i e l d
records shall be p h o t o c o p i e d and submi t t ed r e g u l a r l y and as p r o m p t l y as p o s s i b l e to the o f f i c e . When
p o s s i b l e , electronic media such as d i sk s and tape s shou ld be copied and forwarded to the o f f i c e .

C O M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d Operat ing Procedures
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At the conclusion of each activity or phase of site work, the individual r e s p o n s i b l e for the l o g b o o k wil l
ensure that all entries have been a p p r o p r i a t e l y signed and da t ed , and that corrections were made p r o p e r l y
( s i n g l e lines drawn through incorrect in format ion, then init ialed and d a t e d ) . The c o m p l e t e d l o g b o o k shal l
be submitted to the records f i l e .

6 . 0 R E S T R I C T I O N S / L I M I T A T I O N S
Field l ogbook s const i tute the o f f i c i a l record of on-site technical work, i n v e s t i g a t i o n s , and data c o l l e c t i o n
act iv i t i e s . T h e i r use, control , and ownership are restricted to a c t iv i t i e s pertaining to s p e c i f i c f i e l d
opera t ions carried out by CDM F e d e r a l personnel and their subcontractors. T h e y are documents that may
be used in court to indi ca t e and d e f e n d dates , personnel , procedures, and techniques e m p l o y e d during s i t e
ac t iv i t i e s . Entries made in these notebooks should be f a c t u a l , clear, prec i s e , and as n o n - s u b j e c t i v e as
po s s i b l e . Field l ogbook s , and entries within, are not to be u t i l i z e d for personal use.

7.0 R E F E R E N C E S
S a n d i a N a t i o n a l Laboratorie s , Procedure for Preparing, Sampling and Analysis Plan, Site-Specific
Sampling Plan, and Field Operating Procedures, QA-02-03, A l b u q u e r q u e Environmental Program
Department 3220, Albuquerque , New Mexico , 1991.
S a n d i a N a t i o n a l Laboratorie s , Divi s i on 7723, Field Operation Procedure for Field Logbook Content and
Control, Environmental Restoration Department , A l b u q u e r q u e , New M e x i c o , 1992.

C D M F E D E R A L P R O G R A M S C O R P O R A T I O N T e c h n i c a l S t a n d a r d Operat ing Procedure s
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1.0 O B J E C T I V E
The ob j e c t ive of this standard operating procedure (SOP) is to describe the procedures required for
decontamination of f i e l d equipment.

2.0 B A C K G R O U N D
2.1 D e f i n i t i o n s
Clean - Free of visible contamination and when decontamination has been compl e t ed in accordance
with this S O P .
Cross-Contamination - The transfer of contaminants through equipment or personnel f rom the
contamination source to le s s contaminated or noncontaminated samples or areas.
Decontamination - The process of rinsing or otherwise cleaning the surfaces of equipment to rid them
of contaminants and to minimize the potent ial for cross contamination of sample s or exposure ofpersonnel.
2.2 Discussion
Decontamination of f i e l d equipment is necessary to ensure the quality of sample s by preventing cross
contamination. Further , decontamination reduces health hazards and prevents the spread of
contaminants o f f - s i t e .

3.0 RESPONSIBILITIES
F i e l d Team Leader - The F i e l d Team Leader (FTL) ensures that f i e l d personnel are trained in the
performance of this procedure and that decontamination is conducted in accordance with this procedure.
The FTL may also be required to co l l e c t and document rinsate samples to provide quantitative
verif ication that these procedures have been correctly implemented.
CDM F E D E R A L PROGRAMS C O R P O R A T I O N : Technica l Standard Operating Procedures
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4.0 REQUIRED E Q U I P M E N T
S t i f f - b r i s t l e scrub brushes

• Plas t i c buckets and troughs
• Laboratory-grade detergent (low p h o s p h a t e )N a l g e n e or T e f l o n Sprayers or wash bo t t l e s or 2- to 5-gal lon, manual-pump sprayer ( p u m p

sprayer material must be compat ib l e with the solution used)
• Plast i c sheeting
• Disposable wipes or rags
• Potable water and/or deionized water and/or American S o c i e t y for T e s t i n g and Mater ia l s

(ASTM) T y p e II or better, as d e f i n e d by ASTM Standard S p e c i f i c a t i o n for Reagent Water,
Standard D 1193-77 (re-approved 1983)*

• Gloves , s a f e t y g la s s e s , and other protective c lo thing as s p e c i f i e d in the s i t e - s p e c i f i c health and
sa f e ty p lan

• High-pre s sure pump with soap di spenser or steam-spray unit ( f o r large equipment only)
A p p r o p r i a t e decontamination solutions p e s t i c i d e grade or better and traceable to a source (e.g.
10% and/or 1 % nitric acid (HNO3), acetone, methanol, i s opropano l , hexane)

• T o o l s for equipment assembly and d i sa s s emb ly (as required)
55-gal lon drums or tanks (as required)
P a l l e t s for drums or tanks h o l d i n g decontamination water (as required)
* Potab l e , de ionized, and ASTM T y p e II water may be required to be tes ted for contaminants

b e f o r e use. Check f i e l d p lan for requirements.

5.0 PROCEDURES
All reusable equipment ( n o n - d e d i c a t e d ) used to c o l l e c t , handl e , or measure sampl e s wil l be
decontaminated be fore coming into contact with any sample. Decontamination of equipment will occur
either at the central decontamination station or at por tab l e decontamination stations set up at the
sampl ing location, dr i l l sites, or monitoring well locations. The c en t ra l ly located decontamination
station will include an a p p r o p r i a t e l y sized bermed area on which equipment decontamination wil l occur
and shall be equipped with a c o l l e c t i on system and storage vessels. In certain circumstances, berming
is not required when small quantities of water are being generated and for some short duration f i e l d
activit ies (i.e., pre-remedial sampl ing).
The decontamination area will be constructed so that contaminated water is either c o l l e c t e d d i r e c t l y into
appropr ia t e containers ( 5 - g a l l o n buckets or steel wash tubs) or within the berms of the decontamination
area which then drains into a c o l l e c t i on system. Water from the co l l e c t i on system will be pumped into
5 5 - g a l l o n drums or por tab l e tanks for storage. T y p i c a l l y , decontamination water will be staged until
sampl ing results or waste characterization results are obtained and evaluated and the proper d i s p o s i t i o n
COM FEDERAL P R O G R A M S CORPORATION Techni ca l Standard Operat ing Procedures
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of the waste is determined. The exact procedure for decontamination waste d i spo sa l should be
discussed in the f i e l d plan. A l s o , decontamination f l u i d s , such as solvents may need to be s egregat ed
f r om other investigation derived wastes.
All items that will come into contact with po t en t ia l ly contaminated media will be decontaminated
be fore use and between sampl ing and/or d r i l l i n g locations. If decontaminated items are not
immediat e ly used, they will be covered either with p la s t i c or aluminum f o i l d e p e n d i n g on the size of the
item. All decontamination procedures for the equipment being used are as f o l l o w s :
General G u i d e l i n e s
• Potable and deionized water should be f r e e of all contaminants of concern. F o l l o w i n g the f i e l d

plan, analytical data f r o m the water source may be required. If required, either ex i s t ing analyt i cal
data from the water source s u p p l i e r (i.e., munic ipal i ty , b o t t l e d water company, deionized water
producer) may be obtained or chemical test ing may be per formed on the selected source.
S o a p used in the soap and water rinse s t ep will be a low pho spha t e detergent.

• S a m p l i n g equipment that has come into contact with oil and grease will be cleaned with methanol
or other approved alternative to remove the o i ly material. T h i s may be f o l l o w e d by a hexane rinse
and then another methanol rinse. Regulatory or client requirements will be stated in the f i e l d p lan.

• Decontaminated equipment wil l be a l lowed to air dry b e f or e being used.
Documentation for all cleaning will be recorded in the a p p r o p r i a t e l ogbook .
All solvents will be p e s t i c i d e grade or better and traceable to a source. The c orr e spond ing lot
numbers will be recorded in the a p p r o p r i a t e logbook.
Glove s , boots, s a f e t y g la s s e s , and any other personnel pro t e c t i v e c l o t h i n g and equipment w i l l be
used as s p e c i f i e d in the s i t e - s p e c i f i c health and s a f e t y plan.

5.1 Heavy Equipment Decontamination
Heavy equipment includes d r i l l i n g rigs and backhoes. F o l l o w these s t ep s when decontaminat ing this
equipment:

1. Establ i sh a decontamination area with berms that is large enough to f u l l y contain the
equipment to be cleaned. If avai lable , an exis t ing wash pad or a p p r o p r i a t e paved and bermed
area may be u t i l i z ed; otherwise, use one or more layers of heavy p la s t i c sheeting to cover the
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ground surface and berms. All decontamination pads should be upwind of the area to
investigated.

2. With the rig in place, spray areas (rear of rig or backhoe) exposed to contaminated soi l s using
a hot water high-pressure sprayer. Be sure to spray down all surfaces, inc luding the
undercarriage.

3. Use brushes, and low phosphate detergent and potable water to remove dirt whenever
necessary.

4. Remove equipment from the decontamination pad and allow it to air dry be fore returning it to
the work site.

5. Record equipment type, date, time, and method of decontamination in the appropriate
logbook.

6. A f t e r decontamination activities are comple ted, collect all contaminated waste water, p l a s t i c
sheeting, and di sposable gloves, boots, and clothing in separate containers or receptacles . All
receptacles containing contaminated items must be proper ly labeled for disposal as de ta i l ed in
the f i e l d plan. L i q u i d s ' a n d so l id s must be drummed separately.

5.2 Downhole Equipment Decontamination
Downhole equipment decontamination includes hollow-stem augers, drill p ipe s , casings, screens, etc.
F o l l o w these s teps when decontaminating this equipment:

1. Set up a centralized decontamination area, if po s s i b l e . Thi s area should be set up to co l l e c t
contaminated rinse waters and to minimize the spread of airborne spray.

2. Set up a "clean" area upwind of the decontamination area to receive cleaned equipment for air
drying. At a minimum, clean p l a s t i c sheeting must be used to cover the ground, table s , or
other surfaces on which decontaminated equipment is to be placed. All decontamination pads
should be upwind of any areas under investigation.

3. Place the object to be cleaned on aluminum fo i l or plastic-covered wooden sawhorses or other
supports.

4. Using low phosphate detergent and potab l e water in the hot water high-pressure sprayer (or
steam unit), spray the contaminated equipment. Aim downward to avoid spraying outside the
decontamination area. Be sure to spray inside corners and gaps e spec ia l ly well. Use a brush,
if necessary, to d i s l o d g e dirt.

CDM FEDERAL PROGRAMS C O R P O R A T I O N Technical Standard Operating Procedures
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5. If using soapy water, rinse the equipment using clean, p o t a b l e water. If using hot water, the
rinse step is not necessary if the hot water does not contain a detergent. If the hot water
contains a detergent, this f inal clean water rinse is required.

6. Using the manual-pump sprayer, rinse the equipment thoroughly with deionized water (ASTM
T y p e II or better).

7. Remove the equipment from the decontamination area and p la c e in a clean area upwind to air
dry.

8. Record equipment type , date, time, and method of decontamination in the a p p r o p r i a t e
logbook.

9. A f t e r decontamination activit ies are c o m p l e t e d , c o l l e c t all contaminated waste waters, p l a s t i c
sheeting, and d i s p o s a b l e gloves , boots, and c lo thing in separate containers or receptac le s . All
receptacle s containing contaminated items must be p r o p e r l y labe l ed for d i s p o s a l . L i q u i d s and
s o l i d s must be drummed separate ly.

53 S a m p l i n g Equipment Decontaminat ion
S a m p l i n g equipment includes s p l i t spoons, spatulas , and bowls used for sample homogenization that
d i r e c t l y contact sample media. F o l l o w these s t e p s when decontaminating this equipment:

1. Set up a decontamination line on p l a s t i c sheeting. The decontamination line should progre s s
f r o m "dirty" to "clean" and have an area located upwind for drying decontaminated
equipment. At a minimum, clean p l a s t i c sheeting must be used to cover the ground, t a b l e s , or
the surfaces on which decontaminated equipment is to be placed for drying.

2. Before washing, d i sa s s emb l e any items that might trap contaminants i n t e r n a l l y . Do not
reassemble these items until decontamination and air drying are comple t e . Wash i tems
thoroughly in a bucket of low p h o s p h a t e detergent and p o t a b l e water. Use a s t i f f - b r i s t l e brush
to d i s l o d g e any gross contamination (soi l or debris).

3. Rinse the item in p o t a b l e water. Rinse water should be r ep lac ed as needed, general ly when
c loudy.

4. Using a hand sprayer, wash b o t t l e s , or manual-pump sprayer, rinse the item with de ionized
water ( A S T M T y p e I I o r better).

COM FEDERAL P R O G R A M S C O R P O R A T I O N T e c h n i c a l Standard O p e r a t i n g Procedures
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5. If required by the s i t e - sp e c i f i c f i e l d p lans , rinse the item with 10% nitric acid ( f o r s tainle s s
s teel, glas s , p la s t i c , and T e f l o n ) , or 1% nitric acid ( f o r items made of low-carbon s t e e l )
f o l l o w e d by a deionized water (ASTM T y p e II or better) rinse.
N O T E : Care should be taken not to get nitric acid on skin or c lothing. T h i s s t ep should not

be used unless required by sampl ing needs as dictated in the f i e l d p lan.
CAUTION: Do not allow nitric acid to contact methanol or hexane. Contain nitric acid

waste separate f r om organic solvents.
6. If sampling for organic analytes, rinse the item with methanol or approved organic so lvent .
7. Rinse the item with deionized water (ASTM T y p e II or better).
8. If required by the f i e l d p lan, when sampl ing for po lar organic compounds such as p e s t i c i d e s ,

po lychlor inated b iphenyl s ( P C B s ) , and f u e l s , rinse the item with hexane or approved
alternatives, f o l l o w e d by a second methanol rinse.

9. A l l o w the item to air dry c ompl e t e ly .
10. A f t e r drying, wrap the-clean item in p la s t i c wrap or in aluminum f o i l , shiny s ide out.
11. Record equipment type , date, time, and method of decontamination in the a p p r o p r i a t e

logbook.
12. A f t e r decontamination activities are comple t ed, collect all contaminated waters, used solvents

and acids, p l a s t i c shee t ing, and d i s p o s a b l e gloves , boots, and c lo th ing. Place contaminated
items in p r o p e r l y l a b e l e d drums for d i s p o s a l . L i q u i d s and s o l i d s must be drummed s epara t e ly .
(Refer to s i t e - s p e c i f i c p l a n s for l a b e l i n g and waste management requirements).

5.4 P u m p Decontamination
F o l l o w these steps when decontaminating pumps:

1. Set up the decontamination area and separate "clean" storage area using p l a s t i c sheeting to
cover the ground, table s , and other porous surfaces. Set up three 5 5 - g a l l o n drums and one or
more containers of ASTM T y p e II water (or as s p e c i f i e d in the f i e l d p l a n ) with one drum
containing d i l u t e (non foaming) soapy water, the second drum containing p o t a b l e water, and
the third drum receiving waste water.
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2. The pump should be set up in the same configuration as for sampl ing. Submerge the pump
intake (or the pump, if submersible) and all downhole-wetted parts (tubing, p i p i n g , f o o t valve)
in the soapy water of the f irst drum. Place the discharge outlet in the waste water drum above
the level of the waste water. Pump soapy water through the pump assembly until it d i s charge s
to the waste drum.

3. Move the pump assembly to the po tab l e water drum while leaving di scharge ou t l e t in the
waste drum. All downhole-wetted parts must be immersed in the p o t a b l e water rinse. Pump
potab l e water through the pump assembly until it runs clear.

4. Move the pump intake to the ASTM T y p e II water can. Pump the ASTM T y p e II water
through the pump assembly. U s u a l l y , three pump-and-line-assembly volumes will be
required.

5. Decontaminate the discharge outlet by hand f o l l o w i n g the s t ep s outlined in S e c t i o n 5.3.
6. Remove the decontaminated pump assembly to the "clean" area and al low it to air dry upwind

of the decontamination area. Intake and outlet o r i f i c e s should be covered with aluminum f o i l
to prevent the entry of airborne contaminants and par t i c l e s .

7. Record the equipment -type, serial number, date, time, and method of decontamination in the
a p p r o p r i a t e l ogbook.

5.5 Ins trument Probe Decontaminat ion
Instrument probes used for f i e l d instruments such as pH meters, c onduc t iv i ty meters etc. wi l l be
decontaminated between sample s and a f t e r use with ASTM type II, or better, water.
5.6 W a s t e D i s p o s a l
Refer to s i t e - s p e c i f i c plans for waste d i s p o s a l requirements. The f o l l o w i n g are g u i d e l i n e s for d i s p o s i n g
of wastes:

1. All wash water, rinse water, and decontamination solutions that have come in contact with
contaminated equipment are to be h a n d l e d , packaged, l a b e l e d , marked, s tored, and d i s p o s e d of
as investigation-derived waste.

2. S m a l l quantities of decontamination solut ions may be allowed to evaporate to dryness.
3. If large quantities of used decontamination solut ions will be generated, it may be best to

separate each type of waste in a separate container. Thi s may permit the di sposal of wash
COM F E D E R A L P R O G R A M S CORPORATION Techni ca l Standard Operat ing Procedures
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water and rinse water onsite or in a sanitary sewage treatment plant rather than as a hazardous
waste. If an industrial waste water treatment plant is available onsite, the d i spo sa l of acid
solutions and solvent-water solutions may be permitted.

4. Unless required, p la s t i c sheeting and d i spo sab l e protective c lo thing may be treated as a s o l i d ,
nonhazardous waste.

6.0 RESTRICTIONS/LIMITATIONS
Nitric acid and polar solvent rinses are necessary only when sampling for metals or organics
respectively. The s e steps should not be used unless required because of acid burn and i g n i t a b i l i t y
hazards.
If the f i e l d equipment is not allowed to air dry p r o p e r l y before use, vo la t i l e organic residue which
interferes with the analysis may be detected hi the samples. The occurrence of residual organic so lvent s
is o f t e n dependent on the tune of year sampl ing is conducted; in the summer, v o l a t i l i z a t i o n is rapid and
in the winter, volatilization is slow. Check with your EPA region, state and client for approved
decontamination solvents.

7.0 REFERENCES
Department of Energy, Hazardous Waste Remedial Actions Program, Standard Operating Procedures
For Site Characterization, D O E / H W P - 1 0 0 , July 1990.
Department of Energy, Hazardous Waste Remedial Actions Program, Quality Control Requirements
For Field Methods, D O E / H W P - 6 9 / R I .
American S o c i e t y for T e s t i n g and M a t e r i a l s , Standard Practice for Decontamination of Field
Equipment at Nonradioactive Waste Sites, ASTM D5088-90, June 29, 1990.
U . S . Environmental Protect ion Agency, Region II, "CERCLA Quality Assurance Manual, Revision 1,
1989. :
U . S . Environmental Protection Agency, Region IV, Engineering Support Branch Standard Operating
Procedures and Quality Assurance Manual, 1986.
U . S . Environmental Protec t ion Agency , A Compendium ofSuperfund Field Operations Methods,
E P A / 5 4 0 / P - 8 7 / 0 0 1 . 1 , 1987.
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ASBESTOS and OTHER FIBERS by PCM 7400

Variou s M W : Various C A S : Various R T E C S : Various
METHOD: 7400, Issue 2 E V A L U A T I O N : F U L L Issue 1: Rev. 3 on 15 May 1989I s s u e 2: 15 Augus t 1994
OSHA: 0.1 asbestos f i b e r (> 5 pm l o n g ) / c c ;1 f / c c / 3 0 min excursion; carcinogen
MSHA: 2 asbestos f i b e r s / c cNIOSH: 0.1 f / c c ( f i b e r s > 5 |Jm l o n g ) / 4 0 0 L; carcinogenACGIH: 0.2 croc ido l i t e; 0.5 amosite; 2 chryso t i l e and otherasbestos, f i b e r s / c c ; carcinogen

P R O P E R T I E S : so l id , f ibrous, crystall ine, anisotropic

SYNONYMS [CAS #]: actinolite [77536-66-4] or ferroactinolite [15669-07-5]; amosite [12172-73-5]; an thophyl l i t e [77536-67-5];chryso t i l e [12001-29-5]; serpentine [18786-24-8]; croc ido l i t e [12001-28-4]; tremol i t e [77536-68-6]; a m p h i b o l e asbestos [1332-21-4];refractory ceramic f ibers [142844-00-6]; f i b r o u s glas s .
S A M P L I N G M E A S U R E M E N T

S A M P L E R :

F L O W R A T E ' :
V O L - M I N * :

-MAX*:

S H I P M E N T :
S A M P L E
S T A B I L I T Y :
B L A N K S :

F I L T E R(0.45- to 1 .2-|jm c e l l u l o s e ester membrane, 25-mm; conductive cowl on cas se t t e)

0 . 5 t o 1 6 L / m i n
400 L @ 0.1 f i b e r / c c( s t e p 4, s a m p l i n g )'Adjust to give 100 to 1300 f i b e r / m m 2

routine ( p a c k to reduce shock)

stable
2 to 10 f i e l d b l a n k s per set

A C C U R A C Y
RANGE STUDIED: 80 to 100 f i b e r s counted
B I A S : S e e E V A L U A T I O N O F M E T H O D
OVERALL PRECISION (S r T ):0.115 to 0.13 [1]
A C C U R A C Y : S e e E V A L U A T I O N O F M E T H O D

T E C H N I Q U E :

A N A L Y T E :
S A M P L E
P R E P A R A T I O N :
C O U N T I N G
R U L E S :

E Q U I P M E N T :

C A L I B R A T I O N :
R A N G E :
E S T I M A T E D LOD:
P R E C I S I O N (S r):

L I G H T M I C R O S C O P Y , P H A S E
C O N T R A S T
f i b e r s (manual count)

acetone - c o l l a p s e / t r i a c e t i n - immersion

described in previous version of t h i smethod as "A" rules [1,3]
1 . po s i t ive phase-contrast microscope2. Walton-Becke t t g r a t i c u l e (100-|jm fieldof view) T y p e G-223. p h a s e - s h i f t test s l i d e (HSE/NPL)
H S E / N P L test s l i d e
100 to 1300 f i b e r s / m m 2 filter area
7 f i b e r s / m m 2 f i l t er area
0.10 to 0.12 [1]; see EVALUATION OF
M E T H O D

APPLICABILITY: The quanti tat ive working range is 0.04 to 0.5 f i b e r / c c for a 1000-L air s a m p l e . The LOD d e p e n d s on s a m p l e volumeand quanti ty of in t er f e r ing d u s t , and is <0.01 f i b e r / c c for atmospheres f r e e of inter ference s . The method gives an index of airbornef i b e r s . It i s p r imar i ly used for e s t imating asbestos concentrations, though PCM does not d i f f e r e n t i a t e between asbestos and otherf ibers. Use this method in conjunction with electron microscopy (e.g.. Method 7402) for assistance in id en t i f i ca t i on of f ibers . Fibers <ca. 0.25 ym diameter will not be detected by thi s method [4], T h i s method may be used for other materials such as f i b r o u s g l a s s byus ing alternate counting rules (see A p p e n d i x C).

INTERFERENCES: If the method is used to detect a s p e c i f i c typ e of f i b e r , any other airborne f i b e r may int er f ere since all p a r t i c l e smeeting the count ing criteria are counted. Chain-l ike p a r t i c l e s may appear f ibrous . High l eve l s of non-f ibrou s dust p a r t i c l e s mayobscure f i b e r s in the f i e l d of view and increase the detection l i m i t .
O T H E R METHODS: T h i s revision replace s Method 7400, Revision #3 (da t e 5 / 1 5 / 8 9 ) .
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R E A G E N T S :
1. Acetone,* reagent grade.2. T r i a c e t i n (glycero l t r i a c e t a t e ) , reagent grade.

S e e S P E C I A L P R E C A U T I O N S .

E Q U I P M E N T :1. S a m p l e r : f ield monitor, 25-mm, three-piececassette with ca. 50-mm e l e c t r i c a l l yconductive extension cowl and c e l l u l o s e esterf i l t e r . 0.45- to 1.2-pm pore size, and backuppad.NOTE 1: Analyze representative f i l t e r s f orf i b e r background before use tocheck for clarity and background.Discard the f i l t e r lot if mean is >5f i b e r s per 100 grat i cu l e f i e l d s .T h e s e are d e f i n e d as laboratoryb lanks . Manufa c tur e r-prov id edq u a l i t y assurance checks on filterblanks are n o r m a l l y adequate asl o n g as field b lanks are analyzedas described below. .NOTE 2: The e l e c t r i c a l l y conduct iveextension cowl reducese lec tros tat ic e f f e c t s . Ground thecowl when p o s s i b l e d u r i n gs a m p l i n g .NOTE 3: Use 0.8-pm pore size f i l t e r s forpersonal s a m p l i n g . The 0.45-pmf i l t e r s are recommended fors a m p l i n g when p e r f o r m i n g T E Manalysi s on the same sample s .However, their h igher pressured r o p p r e c l u d e s the ir use withpersonal s a m p l i n g p u m p s .NOTE 4: Other cassettes have beenp r o p o s e d that exhib i t improvedu n i f o r m i t y of f i b e r d e p o s i t on thef i l t e r s ur fa c e , e.g., b e l l m o u t h e dsampl er (Envirometrics,C h a r l e s t o n , SC). T h e s e may beused if shown to give measuredconcentrat ions equivalent tosampler indi ca t ed above for thea p p l i c a t i o n .2. Personal s a m p l i n g p u m p , bat tery or l in e-powered vacuum, of s u f f i c i e n t c a p a c i t y tomeet f low-rate requirements (see s t ep 4 forf l o w rate), with f l e x i b l e connect ing t u b i n g .3. Wire , m u l t i - s t r a n d e d , 22-gauge; 1", hosec l a m p to attach wire to cassette.4. T a p e , shrink- or adhesive-.5. S l i d e s , g l a s s , f r o s t e d - e n d , pre-cleaned, 25 x75-mm.6. Cover s l i p s , 22- x22-mm, No. 1 - 1 / 2 , unl e s sotherwise s p e c i f i e d by microscopemanufac turer .7. Lacquer or nail p o l i s h .8. Knife, #10 surg i ca l s t e e l , curved blade.9. Tweezers.
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E Q U I P M E N T :
10. Acetone f l a s h vaporizat ion system forclearing f i l t e r s on glas s s l i d e s (see ref. [5]for s p e c i f i c a t i o n s or see m a n u f a c t u r e r ' sin s t ruc t i ons f or equivalent device s).11. M i c r o p i p e t s or syringes, 5-|j|_ and 100- to500-ML12. Microscope, posit ive phase (dark) contrast,with green or b lue f i l t e r , a d j u s t a b l e f i e ld i r i s ,8 to 10X eyepiece, and 40 to 45X phaseobjec t ive (total m a g n i f i c a t i o n ca. 400X);numerical aperture = 0.65 to 0.75.13. Grat i cu l e , Walton-Beckett type with 100-umdiamet er c ircular f i e l d (area =0.00785 mm2) at the sp e c imen p l a n e( T y p e G-22). A v a i l a b l e f r o m Optometr i c sUSA, P.O. Box 699, Ayer, MA 01432[ p h o n e (508)-772-1700], and M c C r o n eAccessories and C o m p o n e n t s , 850P a s q u i n e l l i Drive, W e s t m o n t , I L 60559[ p h o n e (312) 887-7100].N O T E : T h e g r a t i c u l e i s cus tom-made f o reach microscope, (seeA P P E N D I X A f o r t h e custom-ordering procedure).1 4 . H S E / N P L phase contrast test s l i d e , Mark I I .A v a i l a b l e f r o m Optome t r i c s U S A ( a d d r e s sabove).15. T e l e s c o p e , ocular phase-ring center ing.16. S t a g e micrometer (0.01-mm d i v i s i o n s ) .

S P E C I A L P R E C A U T I O N S : Acetone i s ex tremely f l a m m a b l e . T a k e pre cau t ions n o t t o i g n i t e i t .H e a t i n g of acetone in volumes greater than 1 mL must be done in a vent i la t ed laboratory f u m e hoodus ing a f l a m e l e s s , spark- free heat source.

S A M P L I N G :
1. C a l i b r a t e each per sonal s a m p l i n g p u m p with a representat ive s a m p l e r in l i n e .2. To reduce c o n t a m i n a t i o n and to hold the cassette t i g h t l y t og e th er , seal the crease between thecassette base and the cowl with a s h r i n k band or l i g h t colored adhes ive tape. For per sonals a m p l i n g , f a s t e n t h e ( u n c a p p e d ) o p e n - f a c e cassette t o t h e w o r k e r ' s l a p e l . T h e open f a c e s h o u l d b eoriented downward.NOTE: The cowl s h o u l d b e e l e c t r i c a l l y grounded d u r i n g area s a m p l i n g , e s p e c i a l l y under c o n d i t i o n sof low relative h u m i d i t y . Use a hose c l a m p to secure one end of the wire ( E q u i p m e n t , Item3) to the monitor's cowl. Connect the other end to an earth ground (i.e., cold water p i p e ) .3. S u b m i t at least two field b lanks (or 10% of the total s a m p l e s , whichever is grea t er) for each set ofsamples. H a n d l e f i e ld b lanks in a manner repre sentat ive of actual h a n d l i n g of associated s a m p l e sin the set. Open field b l a n k cassettes at the same t ime as other casse t te s j u s t pr ior to s a m p l i n g .S t o r e top covers and casset tes in a clean area (e.g. , a closed bag or box) with the top covers f r o mthe s a m p l i n g cassettes dur ing the s a m p l i n g period.4. S a m p l e at 0.5 LVmin or greater [6]. A d j u s t s a m p l i n g f l o w rate, Q (L/min), and t ime, t ( m i n ) , toproduce a f i b e r d e n s i t y , E, of 100 to 1300 f i b e r s / m m 2 (3.85-104 to 5-105 f i b e r s per 25-mm filter withe f f e c t i v e c o l l e c t i o n area A c= 385 mm2) for o p t i m u m accuracy. T h e s e variab l e s are related to theaction level ( o n e - h a l f the current s t a n d a r d ) , L ( f i b e r s / c c ) , of the f i b r o u s aerosol be ing s a m p l e d by:
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t = Q • L • 103 i nnin.

5.6.

NOTE 1: The p u r p o s e of a d j u s t i n g s a m p l i n g times i s to obtain o p t i m u m f i b e r l o a d i n g on the f i l t er.The c o l l e c t i o n e f f i c i e n c y does not a p p e a r to be a f u n c t i o n of f l o w rate in the range of 0.5to 16 L / m i n for asbestos f i b e r s [7]. Rela t ive ly large diameter f i b e r s (>3 |Jm) may exhibi ts i g n i f i c a n t a sp ira t i on loss and inlet depos i t ion. A s a m p l i n g rate of 1 to 4 L / m i n for 8 h isa p p r o p r i a t e in atmospheres c o n t a i n i n g ca. 0.1 f i b e r / c c in the absence of s i g n i f i c a n tamounts of non-asbestos dust . Dusty atmospheres require s m a l l e r s a m p l e volumes(<400 L) to obtain countable sample s . In such cases take short, consecutive s a m p l e sand average the r e su l t s over the to tal c o l l e c t i o n time. For do cument ing e p i s o d i cexposures, use h i g h f l o w rates (7 to 16 L/min) over shorter s a m p l i n g times. In r e l a t i v e l yclean a tmosphere s , where targeted f i b e r concentrations are much less than 0.1 f i b e r / c c ,use larger s a m p l e volumes (3000 to 10000 L) to achieve q u a n t i f i a b l e l o a d i n g s . T a k ecare, however, not to overload the filter with background dus t . If ^ 50% of the filtersur fac e is covered with p a r t i c l e s , the filter may be too overloaded to count and w i l l biasthe measured f i b e r concentration.NOTE 2: OSHA regulations s p e c i f y a minimum s a m p l i n g volume of 48 L for an excursionmeasurement, and a maximum s a m p l i n g rate of 2.5 L / m i n [3].At the end of s a m p l i n g , r ep la c e top cover and end p l u g s .S h i p s a m p l e s with conduc t ive cowl attached in a r ig id container with p a c k i n g material to preventj o s t l i n g or damage.NOTE: Do not use untreated po ly s tyrene f o a m in s h i p p i n g container because e l e c t ro s ta t i cf orce s may cause f i b e r loss f r o m s a m p l e f i l t e r .

S A M P L E P R E P A R A T I O N :
NOTE 1: The object is to produce s ampl e s with a smooth (non-grainy) background in a mediumwith r e f ra c t i v e index s1.46. T h i s method c o l l a p s e s the f i l t er for easier f o c u s i n g andproduce s permanent (1-10 years) mounts which are u s e f u l for q u a l i t y control andin t er labora tory comparison. The a luminum "hot block" or s i m i l a r f l a s h vaporizat iontechniques may be used ou t s id e the laboratory [2], Other m o u n t i n g techniques mee t ingthe above cri t er ia may also be used (e.g., the laboratory f u m e hood procedure forgenera t ing acetone vapor as described in Method 7400 - revision of 5 / 1 5 / 8 5 , or thenon-permanent f i e ld mounting t echnique used in P&CAM 239 [ 3 , 7 , 8 , 9 ] ) . U n l e s s th ee f f e c t i v e f i l t r a t i o n area is known, de t ermine the area and record the i n f o r m a t i o nreferenced against t h e s a m p l e I D number [ 1 , 9 , 1 0 , 1 1 ] .NOTE 2: Excessive water in the acetone may slow the c l e a r i n g of the filter, caus ing mater ia l tobe washed off the surface of the f i l t e r . A l s o , f i l t e r s that have been exposed to highh u m i d i t i e s p r i o r to c l ear ing may have a grainy background.7. Ensure that the g l a s s s l i d e s and cover s l i p s are f r e e of dus t and f i b e r s .8. A d j u s t the rheostat to heat the "hot block" to ca. 70 °C [2].NOTE: If the "hot block" is not used in a f u m e hood, it must rest on a ceramic p l a t e and bei so la t ed f r o m any sur fa c e s u s c e p t i b l e to heat damage.9. Mount a wedge cut from the s a m p l e filter on a clean g l a s s s l i d e .a. Cut wedges of ca. 25% of the filter area with a curved-blade surgica l steel k n i f e u s i n g a rockingmotion to prevent tearing. Place wedge, dust s ide up, on s l i d e .NOTE: S t a t i c e l e c t r i c i ty wi l l u s u a l l y keep the wedge on the s l i d e .
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b. I n s e r t s l i d e with wedge into the receiving slot at base of "hot block". I m m e d i a t e l y p l a c e tip of am i c r o p i p e t c on ta in ing ca. 250 |JL acetone (use the minimum volume needed to c o n s i s t e n t l yclear the filter s e c t i on s) into the i n l e t port of the PTFE cap on top of the "hot block" and in j e c tthe acetone into the vaporization chamber with a slow, s t eady pressure on the p l u n g e r but tonw h i l e h o l d i n g p i p e t f i r m l y in place. After wai t ing 3 to 5 sec for the f i l ter to clear, remove p i p e tand s l i d e f r om their ports.CAUTION: A l t h o u g h the volume of acetone used is s m a l l , use s a f e t y precaut ions . W o r k in aw e l l - v e n t i l a t e d area (e.g., labora tory f u m e hood). T a k e care not to i g n i t e theacetone. C o n t i n u o u s use of t h i s device in an unven t i la t ed space may producee x p l o s i v e acetone vapor concentrat ions .c. U s i n g the 5-|jL m i c r o p i p e t , i m m e d i a t e l y p la c e 3.0 to 3.5 pL tr iac e t in on the wedge. G e n t l ylower a clean cover slip onto the wedge at a s l i g h t a n g l e to reduce b u b b l e f o r m a t i o n . Avoidexcess pressure and movement of the cover g l a s s .NOTE: If t oo many bubb l e s f o r m or the amount o f t r iac e t in i s i n s u f f i c i e n t , th e cover s l i p maybecome detached within a few hours. If excessive tr iac e t in remains at the edge of thef i l ter under the cover s l i p , f i b e r migrat ion may occur.d. Mark the o u t l i n e of the filter segment with a g l a s s marking pen to aid in mi cro s c op i c evaluat ion,e. G l u e the edges of the cover slip to the s l i d e u s ing lacquer or nail p o l i s h [12]. C o u n t i n g mayproceed i m m e d i a t e l y a f t e r c l e a r i n g and mount ing are c o m p l e t e d .N O T E : I f c l e a r i n g i s slow, warm t h e s l i d e o n a h o t p l a t e ( s u r f a c e t emperature 5 0 ° C ) f o r u p t o 1 5min to hasten c l e a r i n g . Heat c a r e f u l l y to prevent gas bubb l e f o r m a t i o n .

C A L I B R A T I O N A N D Q U A L I T Y C O N T R O L :
10. M i c r o s c o p e a d j u s t m e n t s . F o l l o w the manufac turer s in s t ruc t i on s . At least once d a i l y use thet e l e s c o p e ocular (or Bertrand l en s , for some microscopes) s u p p l i e d by the m a n u f a c t u r e r to ensurethat the p h a s e rings ( a n n u l a r d i a p h r a g m and p h a s e - s h i f t i n g e l emen t s) are concentric. W i t h eachmicroscope, keep a l ogbook in which to record the dates of micro s cope c l e a n i n g s and m a j o rservicing.a. Each time a s a m p l e is e xamined, do the f o l l o w i n g :(1) A d j u s t the l ight source for even i l l u m i n a t i o n across the f i e ld o f view at the condenser iri s .U s e K o h l e r i l l u m i n a t i o n , i f ava i lab l e . W i t h some micro s cope s , t h e i l l u m i n a t i o n m a y haveto be set up with br igh t f ield op t i c s rather than phase contract o p t i c s .(2) F o c u s on the p a r t i c u l a t e material to be examined.(3) Make sure that the field iris is in f o c u s , centered on the s a m p l e , and open on ly enough tof u l l y i l l u m i n a t e t h e f i e l d o f view.b. Check the p h a s e - s h i f t d e t e c t i on l i m i t o f the microscope p e r i o d i c a l l y for each a n a l y s t / m i c r o s c o p ecombinat ion:( . 1 ) Center t h e H S E / N P L phase-contrast test s l i d e under t h e pha s e ob jec t ive .(2) Bring the b lo ck s of grooved l ine s into f o c u s in the g r a t i c u l e area.NOTE: The s l i d e contains seven blocks of grooves (ca. 20 grooves per b l o c k ) ind e s c e n d i n g order o f v i s i b i l i t y . For asbestos c o u n t i n g the mi cro s c op e o p t i c s mustc o m p l e t e l y resolve the grooved l i n e s in b l o ck 3 a l t h o u g h they may a p p e a rsomewhat f a i n t , and the grooved l i n e s in b lock s 6 and 7 must be i n v i s i b l e whencentered in the g r a t i c u l e area. Blocks 4 and 5 must be at l ea s t p a r t i a l l y v i s i b l e butmay vary s l i g h t l y in v i s i b i l i t y between microscopes . A microscope which f a i l s tomeet these requirements has r e s o l u t i o n either too low or too h i g h for f i b e rc oun t ing .( 3 ) I f image q u a l i t y d e t er i ora t e s , clean t h e microscope op t i c s . I f t h e p r o b l e m p e r s i s t s , c o n s u l tthe microscope manufac turer .11. Document the l a b o r a t o r y ' s preci s ion for each counter for r ep l i ca t e f i b e r counts.a. M a i n t a i n as part of the laboratory q u a l i t y assurance program a set of re f erence s l i d e s to be usedon a d a i l y basis [13]. T h e s e s l i d e s shou ld consist of f i l t er p r e p a r a t i o n s i n c l u d i n g a range ofl o a d i n g s and background dust l eve l s f r o m a variety of sources i n c l u d i n g both f ield andreference sample s (e.g., PAT, AAR, commercial sample s). The Qual i ty Assurance O f f i c e r
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should maintain custody of the reference s l i d e s and should s u p p l y each counter with a minimumof one reference s l i d e per workday. Change the labe l s on the reference s l i d e s p e r i o d i c a l l y sothat the counter does not become f a m i l i a r with the sample s .b. From b l i n d repeat counts on reference s l i d e s , estimate the laboratory intra- and intercounterpreci s ion. Obtain separate values of relative s tandard deviation (S r ) for each s a m p l e matrixanalyzed in each of the f o l l o w i n g ranges: 5 to 20 f i b e r s in 100 g r a t i c u l e f i e l d s , >20 to 50 f i b e r sin 100 g r a t i c u l e f i e l d s , and >50 to 100 f i b e r s in 100 gra t i cu l e f i e l d s . M a i n t a i n control charts foreach of these da ta f i l e s .NOTE: Certain s a m p l e matrices (e.g., asbestos cement) have been shown to give poorpreci s ion [9]12. Prepare and count f i e l d b lank s a long with the f i e l d sample s . Report counts on each field blank.NOTE 1: The i d e n t i t y of b lank f i l t e r s should be unknown to the counter unt i l all counts have beenc o m p l e t e d .NOTE 2: If a f i e ld b l a n k y i e l d s greater than 7 f i b e r s per 100 gra t i cu l e f i e l d s , report p o s s i b l econtamination of the s ampl e s .13. P e r f o r m b l i n d recounts by the same counter on 10% of f i l t e r s counted ( s l i d e s relabeled by a personother than the counter). Use the f o l l o w i n g test to determine whether a pair of counts by the samecounter on the same filter shou ld be rejected because of p o s s i b l e bias: Discard the s a m p l e if theab s o lu t e value of the d i f f e r e n c e between the square roots of the two counts (in f i b e r / m m 2 ) exceeds

2.77 (X)Sr, where X = average of the square roots of the two f i b e r counts
o

(in f i b e r / m m 2 ) and S r = — , where S r i s the intracounter relative s tandard deviation for the
a p p r o p r i a t e count range (in f i b e r s ) determined in s t e p 11. For more c o m p l e t e d i s cu s s i on s seereference [ 1 3 ] .NOTE 1: S i n c e f i b e r c oun t ing is the measurement of randomly p laced f i b e r s which may bedescribed by a Poisson d i s t r i b u t i o n , a square root t r a n s f o r m a t i o n of the f i b e r count dataw i l l re sul t i n a p p r o x i m a t e l y normal ly d i s t r i b u t e d data [ 1 3 ] .NOTE 2: If a p a i r of counts is rejected by thi s te s t , recount the remaining s a m p l e s in the set andtest the new counts against the f i r s t counts. Discard all rejected paired counts. It is notnecessary to use thi s s t a t i s t i c on b lank counts.14. The analyst is a c r i t i ca l part of t h i s ana ly t i ca l procedure. Care must be taken to provide a non-s t r e s s f u l and c o m f o r t a b l e environment f or f i b e r c ount ing . An e c onomi ca l ly d e s i g n e d chair s h o u l dbe used, with the microscope eyepiece s i tuated at a c o m f o r t a b l e he ight for viewing. Externall i g h t i n g s h o u l d be set at a level s i m i l a r to the i l l u m i n a t i o n level in the microscope to reduce eyef a t i g u e . In a d d i t i o n , counters shou ld take 10-to-20 minute breaks f r o m the microscope every oneor two hours to limit f a t i g u e [14]. During these breaks, both eye and u p p e r back/neck exercisess h o u l d be p er f ormed to relieve strain.15. All laboratories engaged in asbestos count ing shou ld p a r t i c i p a t e in a p r o f i c i e n c y t e s t i n g programsuch a s t h e A I H A - N I O S H P r o f i c i e n c y A n a l y t i c a l T e s t i n g ( P A T ) Program f o r asbestos a n d r o u t i n e l yexchange f ie ld s a m p l e s with other laborator i e s to compare p e r f o r m a n c e of counters.

M E A S U R E M E N T :
16. Center the s l i d e on the s tage of the ca l ibrated microscope under the ob j e c t iv e lens. F o c u s themicroscope on the p l a n e of the filter.17. A d j u s t the microscope (Step 10).N O T E : C a l i b r a t i o n with t h e H S E / N P L test s l i d e determines t h e minimum d e t e c t a b l e f i b e r d iame t er(ca. 0.25 Mm) [4].18. C o u n t i n g rules: (same as P&CAM 239 rules [ 1 , 1 0 , 1 1 ] : see examples in APPENDIX B).a. Count any f i b e r l onger than 5 pm which l ie s e n t i r e l y w i t h i n the g r a t i c u l e area.(1) Count only f i b e r s l onger than 5 (Jm. Measure l e n g t h o f curved f i b e r s a l ong the curve.(2) Count only f i b e r s with a l e n g t h - t o - w i d t h ratio equal to or greater than 3:1.b. For f i b e r s which cross the boundary of the g r a t i c u l e field:(1) Count as 1/2 f i b e r any f i b e r with on ly one end l y i n g w i t h i n the g r a t i c u l e area, provided thatthe f i b e r meets the criteria of rule a above.
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(2) Do not count any f i b e r which crosses the g r a t i c u l e boundary more than once.(3) Reject and do not count all other f i b e r s .c. Count b u n d l e s of f i b e r s as one f i b e r unle s s i n d i v i d u a l f i b e r s can be i d e n t i f i e d by observing bothends of a f i b er .d. Count enough g r a t i c u l e f i e l d s to yie ld 100 f i b e r s . Count a minimum of 20 f i e l d s . S t o p at 100g r a t i c u l e f i e l d s r egardl e s s o f count.19. S t a r t c oun t ing f rom the tip of the filter wedge and progress a l o n g a radial l i n e to the outer edge.Shift up or down on the f i l ter, and continue in the reverse direc t ion. S e l e c t g r a t i c u l e f i e l d sr a n d o m l y by l o o k i n g away f r o m the eyepiece b r i e f l y w h i l e advanc ing the mechanical stage. Ensuret h a t , as a m i n i m u m , each a n a l y s i s covers one radial l i n e f r o m the filter center to the outer edge ofthe f i l t e r . W h e n an agg lomera t e or bubb l e covers ca. 1/6 or more of the g r a t i c u l e field, reject theg r a t i c u l e field and select another. Do not report rejected g r a t i c u l e f i e l d s in the to ta l numbercounted.NOTE 1: W h e n count ing a g r a t i c u l e field, c o n t i n u o u s l y scan a range of f o ca l p l a n e s by movingthe f i n e f o c u s knob to detect very f i n e f i b e r s which have become embedded in the filter.The s m a l l - d i a m e t e r f i b e r s will be very f a i n t but are an impor tan t contr ibu t ion to the to talcount. A minimum count ing t ime of 15 seconds per field is a p p r o p r i a t e for accuratecounting.NOTE 2: This method does not a l l o w for d i f f e r e n t i a t i o n o f f i b e r s based on m o r p h o l o g y . A l t h o u g hsome experienced counters are c a p a b l e of s e l e c t i v e l y c o u n t i n g only f i b e r s whichappear to be asbe s t i form, there is pre sent ly no accepted method for ensuring u n i f o r m i t yo f j u d g m e n t between laboratorie s . It i s , t h e r e f o r e , incumbent upon a l l l abora tor i e s u s i n gt h i s method t o report t o ta l f i b e r counts. If serious contamination f r o m non-asbestosf i b er s occurs in sampl e s , other techniques such as transmission electron microscopymust be used to i d e n t i f y the asbestos f i b e r f r a c t i o n present in the s a m p l e (see NIOSHMethod 7402). In some cases (i.e., for f i b e r s with diameters >1 p m ) , p o l a r i z e d l i g h tmicroscopy (as in NIOSH Method 7403) may be used to i d e n t i f y and e l iminatei n t e r f e r i n g n o n - c r y s t a l l i n e f i b e r s [ 1 5 ] .NOTE 3: Do not count at edges where f i l t e r was cut. Move in at l eas t 1 mm f r o m the edge.NOTE 4: U n d e r certain conditions, electrostatic charge may a f f e c t the s a m p l i n g of f ibers . T h e s ee l e c t r o s t a t i c e f f e c t s are most l i k e l y to occur when the relative h u m i d i t y is low (be l ow20%), and when s a m p l i n g is p e r f o r m e d near the source of aerosol. The result is thatdepo s i t i on of f i b e r s on the f i l t e r is reduced, e s p e c i a l l y near the edge of the f i l t e r . If sucha pat t ern is noted d u r i n g f i b e r c o u n t i n g , choose f i e l d s as c lose to the center of the fi l teras p o s s i b l e [ 5 ] .NOTE 5: Counts are to be recorded on a data sheet that provides, as a minimum, spaces onwhich t o record t h e counts f o r each f i e l d , f i l t e r i d e n t i f i c a t i o n number, a n a l y s t ' s name,date, to tal f i b e r s counted, to ta l f i e l d s c ount ed , average count, f i b e r d e n s i t y , andcommentary. Average count is calculated by d i v i d i n g the total f i b e r count by thenumber of f i e l d s observed. F i b e r d e n s i t y ( f i b e r s / m m 2 ) i s d e f i n e d as the average count( f i b e r s / f i e l d ) d i v i d e d b y t h e f i e l d ( g r a t i c u l e ) area ( m i n e f i e l d ) .

C A L C U L A T I O N S A N D R E P O R T I N G O F R E S U L T S
20. C a l c u l a t e and report f i b e r d e n s i t y on the f i l t er , E ( f i b e r s / m m 2 ) , by d i v i d i n g the average f i b e r countper grat i cu l e f i e ld , F/n f , minus the mean f i e l d b lank count per grat i cu l e f i e ld , B / n b , by the g r a t i c u l ef i e l d area, A f ( a p p r o x . 0.00785 mm2):

E = f i b e r s /mm 2 .
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NOTE: F i b e r counts above 1300 f i b e r s / m m 2 and f i b e r counts from sampl e s with >50% of filterarea covered with p a r t i c u l a t e shou ld be reported as "uncountable" or "probably biased."Other f i b e r counts ou t s id e the 100-1300 f i b e r / m m 2 range shou ld be reported as having"greater than o p t i m a l variabi l i ty" and as being "probably biased."
21. C a l c u l a t e and report the concentration, C ( f i b e r s / c c ) , of f i b e r s in the air volume s a m p l e d , V (L),us ing the e f f e c t i v e c o l l e c t i o n area of the f i l ter, A c ( a p p r o x . 385 mm 2 for a 25-mm fil ter):

V 10*
NOTE: P e r i o d i c a l l y check and a d j u s t the value of A,., if necessary.22. Report intralaboratory and in t e r labora t ory relative s tandard deviations ( f r o m S t e p 11) with each setof results.NOTE: Precis ion d e p e n d s on the total number of f i b e r s counted [1 , 1 6]. Relative s tandarddeviat ion is documented in references [ 1 , 1 5 - 1 7 ] for f i b e r counts up to 100 f i b e r s in 100g r a t i c u l e f i e l d s . C o m p a r a b i l i t y of interlaboratory result s i s d i s cu s s ed below. As a f i r s ta p p r o x i m a t i o n , use 213% above and 49% below the count as the u p p e r and lowerc o n f i d e n c e l i m i t s f or f i b e r counts greater than 20 (Fig. 1).

E V A L U A T I O N O F M E T H O D :
A. T h i s method is a revision of P&CAM 239 [10]. A summary of the revisions is as f o l l o w s :1. S a m p l i n g :The change f rom a 37-mm to a 25-mm fil ter improves s en s i t i v i ty for s imi lar air volumes. Thechange in f l o w rates a l l ows for 2-m3 full-shift s a m p l e s to be taken, p r o v i d i n g that the filter is notoverloaded with non- f i brou s p a r t i c u l a t e s . The c o l l e c t i o n e f f i c i e n c y of the s a m p l e r i s not a f u n c t i o nof f l o w rate in the range 0.5 to 16 L / m i n [10].2. S a m p l e Prepara t i on T e c h n i q u e :The acetone vapor-triacet in pr epara t i on technique is a f a s t e r , more permanent moun t ingtechnique than the d ime thy l p h t h a l a t e / d i e t h y l oxalate method o f P&CAM 239 [ 2 , 4 , 1 0 ] . Thea l u m i n u m "hot block" technique minimize s the amount of acetone needed to p r e p a r e eachsample .3. Measurement:a. The Walton-Becke t t g r a t i c u l e s t andard iz e s the area observed [ 1 4 , 1 8 , 1 9 ] .b . T h e H S E / N P L test s l i d e s tandardize s microscope op t i c s f o r s en s i t iv i ty t o f i b e r d iame t er [ 4 , 1 4 ] .c. Because of past inaccuracies associated with low f i b e r counts, the minimum recommendedl o a d i n g has been increased to 100 f i b e r s / m m 2 filter area (a to ta l of 78.5 f i b e r s counted in 100f i e l d s , each with field area = .00785 mm2.) Lower l e v e l s g e n e r a l l y re sul t in an overes t imate ofthe f i b e r count when compared to r e su l t s in the recommended a n a l y t i c a l range [20]. Therecommended l o a d i n g s s hou ld yie ld in tracounter S r in the range of 0.10 to 0.17 [ 2 1 , 2 2 , 2 3 ] .
B. I n t e r i a b o r a t o r y c o m p a r a b i l i t y :An in t e rna t i ona l co l laborat ive s t u d y involved 16 laboratorie s u s ing prepared s l i d e s f r om theasbestos cement, m i l l i n g , m i n i n g , t e x t i l e , and f r i c t i o n material i n d u s t r i e s [9]. The re la t ive s t andarddev ia t i ons (S r ) varied with s a m p l e type and laboratory. The ranges were:
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I n t r a l a b o r a t o r v S. I n t e l - l a b o r a t o r y S, Overall S,

AIA (NIOSH A Rules)* 0.12 to 0.40 0.27 to 0.85 0.46M o d i f i e d CRS (NIOSH B Rules)" 0.11 to 0.29 0.20 to 0.35 0.25
* Under AIA rules , only f i b er s having a diameter less than 3 |Jm are counted and f i b e r s attached top a r t i c l e s larger than 3 um are not counted. NIOSH A Rules are otherwise s i m i l a r to the AIA rules.** See A p p e n d i x C.
A NIOSH s t u d y conducted u s i n g f i e ld s a m p l e s o f asbestos gave in tra labora tory S r in the range 0.17 to0.25 and an in t er labora tory Sr of 0.45 [ 2 1 ] . T h i s agrees well with other recent s t u d i e s [9 ,14 ,16].
At t h i s t ime, there is no i n d e p e n d e n t means for as se s s ing the overall accuracy of t h i s method. Onemeasure of r e l i a b i l i t y is to estimate how well the count for a s i n g l e s a m p l e agrees with the mean countf r o m a larg e number of laboratories. The f o l l o w i n g d i s cu s s i on i n d i c a t e s how th i s e s t imat ion can becarried out based on measurements of the inter laboratory v a r i a b i l i t y , as well as showing how the r e s u l t sof t h i s method relate to the theore t i ca l ly at ta inable counting precision and to measured intra- andi n t e r l a b o r a t o r y S r . (NOTE: The f o l l o w i n g d i s cu s s i on does not i n c l u d e bias e s t imate s and s h o u l d not betaken to i n d i c a t e d that lightly l o a d e d s a m p l e s are as accurate as p r o p e r l y loaded ones).
T h e o r e t i c a l l y , the process of c oun t ing r a n d o m l y ( P o i s s o n ) d i s t r i b u t e d f i b e r s on a f i l ter s ur fa c e w i l l give anS r that d e p e n d s on the number, N, o f f i b e r s counted:

S r = 1 / ( N ) 1 « ( 1 )

T h u s Sr is 0.1 for 100 f i b er s and 0.32 for 10 f i b er s counted. The actual Sr f ound in a number of s tudies isgreater than these theoretical numbers [ 1 7 , 1 9 , 2 0 , 2 1 ] .
An a d d i t i o n a l component o f v a r i a b i l i t y comes p r i m a r i l y f rom s u b j e c t i v e in t er labora tory d i f f e r e n c e s . In as t u d y o f t e n counters i n a c o n t i n u i n g s a m p l e exchange p r o g r a m , Ogden [ 1 5 ] f o u n d t h i s s u b j e c t i v ecomponent of i n t r a l a b o r a t o r y S r to be a p p r o x i m a t e l y 0.2 and e s t imated the overall S r by the term:

[ N + ( 0.2 • N f V" (2)

Ogden f o u n d that the 90% c o n f i d e n c e interval of the i n d i v i d u a l i n t r a l a b o r a t o r y counts in re la t ion to themeans were +2 S r and -1.5 S r . In t h i s p r o g r a m , one s a m p l e out of ten was a q u a l i t y control s a m p l e . Forlaboratories not engaged in an intensive q u a l i t y assurance program, the s ub j e c t i v e component ofv a r i a b i l i t y can be h i g h e r .
In a s t u d y of f i e ld s a m p l e r e su l t s in 46 laboratorie s , the A s b e s t o s I n f o r m a t i o n A s s o c i a t i o n also f o u n d thatthe v a r i a b i l i t y had both a constant component and one that d e p e n d e d on the f i b e r count [14]. T h e s ere su l t s gave a s u b j e c t i v e in t e r labora t ory component o f S r (on the same basis a s Ogden' s) for f i e lds a m p l e s of ca. 0.45. A s i m i l a r value was obtained for 12 laborator i e s a n a l y z i n g a set of 24 f i e l d s a m p l e s[21]. T h i s value f a l l s s l i g h t l y above the range o f S r (0.25 to 0.42 for 1984-85) f o u n d for 80 re f erencelaboratories in t h e NIOSH PAT program for laboratory-generated s a m p l e s [17].
A number of f a c t o r s i n f l u e n c e S r for a given laboratory, such as that laboratory's actual c o u n t i n gperformance and the type of samples being analyzed. In the absence of other in format ion, such as f roman in t e r labora t ory q u a l i t y assurance program u s ing f i e l d s a m p l e s , th e value f or th e s u b j e c t i v e componentof v a r i a b i l i t y is chosen as 0.45. It is hoped that the laboratorie s will carry out the recommendedinterlaboratory q u a l i t y assurance programs to improve their p e r f o rmanc e and thus reduce the S r.

N I O S H Manual o f A n a l y t i c a l Method s ( N M A M ) , F o u r t h Edi t i on , 8 / 1 5 / 9 4



ASBESTOS and OTHER FIBERS by PGM: METHOD 7400, I s s u e 2. dated 15 Augus t 1994 - Page 10 of 15
The above relative s tandard devia t ions a p p l y when the p o p u l a t i o n mean has been de t ermined . It i smore u s e f u l , however, for laboratories to es t imate the 90% c o n f i d e n c e interval on the mean count f r o m as i n g l e s a m p l e f i b e r count ( F i g u r e 1). T h e s e curves assume s i m i l a r shape s o f the count d i s t r i b u t i o n forinterlaboratory and intralaboratory results [16].
For e x a m p l e , if a s a m p l e y i e l d s a count of 24 f i b e r s , F i g u r e 1 ind i ca t e s that the mean interlaboratorycount w i l l fall w i th in the range of 227% above and 52% below that value 90% of the time. We can a p p l ythese percentages d i r e c t l y to the air concentrations as well. If, for instance, th i s s a m p l e (24 f i b e r sc o u n t e d ) represented a 500-L volume, then the measured concentration is 0.02 f i b e r s / m L (a s suming 100f i e l d s counted, 25-mm fil ter, 0.00785 mm 2 c ount ing f ie ld area). If th i s same s a m p l e were counted by ag r o u p of laboratories , there is a 90% p r o b a b i l i t y that the mean would fall between 0.01 and 0.08 f i b e r / m L .T h e s e l i m i t s s h o u l d be reported in any comparison of re sul t s between laboratories.
N o t e that the Sr of 0.45 used to derive F i g u r e 1 is used as an estimate for a random g r o u p oflaboratories. If several laboratories b e l o n g i n g to a q u a l i t y assurance group can show that theirinter laboratory S r is s m a l l e r , then it is more correct to use that s m a l l e r S r. However, the es t imated S r of0.45 is to be used in the absence of such in format ion . N o t e al so that it has been f o u n d that Sr can beh i g h e r for certain types of s a m p l e s , such as asbestos cement [9].
Qui t e o f t en the e s t imated airborne concentration f rom an asbestos a n a l y s i s is used to compare to ar egu la t ory s tandard . For instance, if one is t ry ing to show compl iance with an 0.5 f i b e r / m L standardu s i n g a s i n g l e s a m p l e on which 100 f i b e r s have been counted, then F i g u r e 1 indicate s that the 0.5f i b e r / m L s tandard must be 213% higher than the measured air concentration. T h i s i n d i c a t e s that if onemeasures a f i b e r concentrat ion of 0.16 f i b e r / m L (100 f i b e r s c oun t ed), then the mean f i b e r count by ag r o u p of laboratorie s (of which the c o m p l i a n c e labora tory m i g h t be one) has a 95% chance of be ing lessthan 0.5 f i b e r s / m L ; i.e., 0.16 + 2.13 x 0.16 = 0.5.
It can be seen f r o m F i g u r e 1 that the Poi s s on component of the v a r i a b i l i t y is not very i m p o r t a n t unle s sthe number of f i b e r s counted is s m a l l . T h e r e f o r e , a f u r t h e r a p p r o x i m a t i o n is to s i m p l y use +213% and-49% as the u p p e r and lower c o n f i d e n c e values of the mean for a 100- f i b e r count.
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The curves in F i g u r e s 1 are d e f i n e d by the f o l l o w i n g equations:

UCL = 2 X * 225 + [(2.25 + 2 X)2 - 4 (1 - 225 S,2) X 2 ] 1 C

2 (1 - 225 S 2 ) ( 3 )

LCL = 2 X + 4 - [(4 + 2 X f - 4 ( 1 - 4 S2 ) X2 ]1°
2 ( 1 - 4 Sr

2 )

where S r = s u b j e c t i v e in t e r labora t ory relative s tandard dev ia t i on, which is close to the to ta lin t e r labora t ory S r when a p p r o x i m a t e l y 100 f i b e r s are counted.X = total f i b e r s counted on s a m p l eLCL = lower 95% c o n f i d e n c e l imi t .UCL = u p p e r 95% c o n f i d e n c e l i m i t .N o t e that the range between the se two l i m i t s repre sent s 90% of the to tal range.
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M E T H O D W R I T T E N B Y :
Paul A . Baron, Ph.D., N I O S H / D P S E .

A P P E N D I X A : C A L I B R A T I O N O F T H E W A L T O N - B E C K E T T G R A T I C U L E :
Before o r d e r i n g the W a l t o n - B e c k e t t g r a t i c u l e , the f o l l o w i n g ca l i bra t i on must be done to obtain a c oun t ingarea (D) 100 pm in d iame t er at the image p lane . The diameter, d c ( m m ) , of the c ircular c oun t ing areaand the d i s c d iameter must be s p e c i f i e d wheaordering the gra t i cu l e .
1. I n s e r t any a v a i l a b l e g r a t i c u l e into the eyepiece and f o cu s so that the g r a t i c u l e l i n e s are s h a r p andclear.2. Set the a p p r o p r i a t e i n t e r p u p i l l a r y d i s tance and, if a p p l i c a b l e , reset the b i n o c u l a r head a d j u s t m e n t sothat the m a g n i f i c a t i o n remains constant.3. Install the 40 to 45X phase objective.4. Place a stage micrometer on the microscope object s tage and f o c u s the microscope on the graduatedl ine s .5. Measure the m a g n i f i e d grid l e n g t h of the g r a t i c u l e , L 0 ( p m ) , u s ing the stage micrometer.6. Remove the g r a t i c u l e f r o m the microscope and measure its actual grid l e n g t h , L a (mm). T h i s canbest be a c c ompl i s h ed by u s ing a stage f i t t e d with verniers.7. C a l c u l a t e the c i r c l e diameter, d c ( m m ) , for the Wal t on-Becke t t g r a t i c u l e :
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e "-

Example: If L0 = 112 j j m , La = 4.5 mm and D = 100 (Jm. then dc = 4.02 mm.
8. Check the field d iamet er , D (acc ep tab l e range 100 urn ± 2 pm) with a s tage micrometer uponreceipt of the g r a t i c u l e f r o m the manufacturer. Determine f i e l d area ( a c c e p t a b l e range 0.00754mm2 to 0.00817 mm2).

A P P E N D I X B : C O M P A R I S O N O F C O U N T I N G R U L E S :
F i g u r e 2 shows a W a l t o n - B e c k e t t g r a t i c u l e as seen through the microscope. The rules w i l l be di s cus sedas they a p p l y to the l ab e l ed ob j e c t s in the f i g u r e .

20x3

10x3

3:1

20x3

5 x 5 / 3

F i g u r e 2. W a l t o n - B e c k e t t g r a t i c u l e with f i b e r s .
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T h e s e rules are sometimes referred to as the "A" rules.

F I B E R C O U N T
Objec t Count

1 1 f i b e r

2 f i b e r

1 f i b e r

1 f i b e r

Do notcount
1 f i b e r

1 / 2 f i b e r

D I S C U S S I O N

8

9

Do notcount
Do notcount

O p t i c a l l y observable asbestos f i b er s are a c t u a l l y b u n d l e s o f f i n e f i b r i l s .If the f i b r i l s seem to be from the same b u n d l e the object is counted as as i n g l e f i b er . N o t e , however, that al l ob j e c t s meeting l e n g t h and aspectratio criteria are counted whether or not they appear to be asbestos.
Jf f i b e r s meeting the l e n g t h and aspect ratio criteria ( l e n g t h >5 pm andl e n g t h - t o - w i d t h ratio >3 to 1) overlap, but do not seem to be part of thesame b u n d l e , they are counted as separate fibers.
A l t h o u g h the objec t has a r e la t iv e ly large d iameter (>3 p m ) , it is countedas f i b e r under the rules. Ther e is no u p p e r l i m i t on the f i b e r diameter inthe count ing rules. N o t e that f i b e r w id th is measured at the widestcompact section of the object.
A l t h o u g h l ong f i n e f i b r i l s may extend f r o m the body o f a f i b e r , thesef i b r i l s are considered part of the f i b e r if they seem to have o r i g i n a l l ybeen part of the bundle .
If the object is <;5 pm l o n g , it is not counted.

A f i b e r p a r t i a l l y obscured by a p a r t i c l e is counted as one f i b e r . If thef i b e r ends emanating f r o m a p a r t i c l e do not seem to be f rom the samef i b e r and each end meets the l e n g t h and aspect ratio cri teria, they arecounted as separate f i b e r s .
A f i b e r which crosses into the g r a t i c u l e area one time is counted as 1/2f i b e r .
I g n o r e f i b e r s that cross the g r a t i c u l a t e boundary more than once,count
I g n o r e f i b e r s that l i e o u t s i d e th e g r a t i c u l e boundary.
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A P P E N D I X C . A L T E R N A T E C O U N T I N G R U L E S F O R N O N - A S B E S T O S F I B E R S
Other c o u n t i n g rule s may be more a p p r o p r i a t e for measurement of s p e c i f i c non-asbestos f i b e r t y p e s ,such as f i b r o u s g l a s s . T h e s e i n c l u d e the "B" rules given below ( f r o m NIOSH M e t h o d 7400, Revision #2,dated 8 / 1 5 / 8 7 ) , the W o r l d H e a l t h Organization reference method for man-made mineral f i b e r [24], andt h e N I O S H f i b r o u s g l a s s cri teria document method [ 2 5 ] . T h e u p p e r d iamet er l i m i t i n these me thod sprevents measurements of non-thoracic f i b e r s . It i s impor tan t to note that the aspec t ratio l i m i t s i n c l u d e din these methods vary. NIOSH recommends the use of the 3:1 aspect ratio in count ing f i b e r s .

It i s emphas ized that h y b r i d i z a t i o n of d i f f e r e n t sets of count ing rules i s not p e r m i t t e d . Report s p e c i f i c a l l ywhich set of c ount ing rules are used with the analy t i ca l re sul t s .
" B " C O U N T I N G R U L E S :
1. Count only ends of f i b e r s . Each f i b e r must be longer than 5 urn and less than 3 |Jm diameter.2. Count only ends of f i b e r s with a l e n g t h - t o - w i d t h ratio equal to or greater than 5:1.3. Count each f i b e r end which falls w i th in the g r a t i c u l e area as one end, provided that the f i b e r meetsrul e s 1 and 2 above. Add s p l i t ends to the count as a p p r o p r i a t e if the s p l i t f i b e r segment al so meetsthe cr i t er ia of rules 1 and 2 above.4. Count v i s i b l y f r e e ends which meet rules 1 and 2 above when the f i b e r appear s to be attached toanother p a r t i c l e , r e g a r d l e s s of the size of the other par t i c l e . Count the end of a f i b e r obscured byanother p a r t i c l e if the par t i c l e covering the f i b e r end is less than 3 pm in diameter.5. Count f r e e ends of f i b e r s emanating f r o m l a r g e c l u m p s and b u n d l e s up to a maximum of 10 ends (5f i b e r s ) , provided that each segment meets ru l e s 1 and 2 above.6. Count enough g r a t i c u l e f i e l d s to y i e ld 200 ends. Count a minimum of 20 g r a t i c u l e f i e l d s . S t o p at100 g r a t i c u l e f i e l d s , r egardl e s s of count.7. D i v i d e total end count by 2 to yie ld f i b e r count.

A P P E N D I X D . E Q U I V A L E N T L I M I T S O F D E T E C T I O N A N D Q U A N T I T A T I O N
f i b e r d en s i ty on f i l t e r * f i b e r concentration in air, f / c cf i b e r s 400-L air 1000-L airp e r 1 0 0 f i e l d s f i b e r s / m m 2 s a m p l e s a m p l e

200 255 0.25 0.10
100 127 0.125 0.05

LOQ -80 102 0.10 0.04
50 64 0.0625 0.025
25 32 0.03 0.0125
20 25 0.025 0.010
10 12.7 0.0125 0.005
8 10.2 0.010 0.004

LOD 5.5 7 0.00675 0.0027

* Assumes 385 mm 2 e f f e c t i v e filter c o l l e c t i o n area, and f i e l d area = 0.00785 mm2, for r e l a t i v e l y "clean"( l i t t l e p a r t i c u l a t e a s ide f r o m f i b e r s ) f i l t e r s .
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Environmental Protection Agency §763.80
contaminated surface used in the vali-dation study. Record and keep the re-sults of the validation study as an ap-pendix to the SOP. I n c l u d e in this ap-p e n d i x , the solvent used to make thes p i k i n g s o lu t i on, the PCB concentra-tion of the s p i k i n g solution used tocontaminate the sur fac e s in the valida-tion s tudy, and all of the val idat ionstudy tes t ing parameters and experi-mental conditions.

P A R T 7 6 3 — A S B E S T O S
S u b p a r t s A-C [Reserved]

• Subpar t D [Reserved]
S u b p a r t E — A s b e s t o s - C o n t a i n i n g Mater ia l sin S c h o o l s

Sec.763.80 S c o p e and purpose.763.83 Def in i t i on s .763.84 General local educat ion agency re-sponsibilities.763.85 I n s p e c t i o n and reinspect ions.763.86 S a m p l i n g .763.87 Analys i s .763.88 Assessment.763.90 Response actions.763.91 Operations and maintenance.763.92 T r a i n i n g and periodic surveillance.763.93 Management p lans .763.94 Recordkeeping.763.95 Warning labe l s .763.97 Compl ianc e and enforcement.763.98 Waiver: d e l e g a t i o n to S t a t e .763.99 Exclusions.
A P P E N D I X A T O S U B P A R T E — I N T E R I M T R A N S -M I S S I O N E L E C T R O N M I C R O S C O P Y A N A L Y T I -C A L M E T H O D S — M A N D A T O R Y A N D N O N M A N -D A T O R Y — A N D M A N D A T O R Y S E C T I O N T O D E -TERMINE COMPLETION OF RESPONSE AC-T I O N SA P P E N D I X B T O S U B P A R T E — W O R K P R A C T I C E SA N D E N G I N E E R I N G C O N T R O L S F O R — S M A L L -S C A L E , S H O R T - D U R A T I O N O P E R A T I O N SM A I N T E N A N C E A N D R E P A I R ( O & M ) A C T I V I -T I E S I N V O L V I N G A C MAPPENDIX C TO SUBPART E—ASBESTOS MODELA C C R E D I T A T I O N P L A NA P P E N D I X D T O S U B P A R T E — T R A N S P O R T A N DD I S P O S A L O F A S B E S T O S W A S T EA P P E N D I X E T O S U B P A R T E — I N T E R I M M E T H O DOF THE DETERMINATION OF ASBESTOS INB U L K I N S U L A T I O N S A M P L E S

S u b p a r t F [Reserved]
S u b p a r t G — A s b e s t o s A b a t e m e n t Projec t s

763.120 Scope.763.121 Regulatory requirements.763.122 Exclusions for S t a t e s .

763.124 Reporting.763.125 Enforcement.763.126 Inspec t ions .
Subpart H [Reserved]

S u b p a r t I — P r o h i b i t i o n o f the M a n u f a c t u r e ,I m p o r t a t i o n , Processing, and Distribu-tion in Commerce of Certain Asbestos-Conta ining Products; L a b e l i n g Require-ments
763.160 S c o p e .763.163 Def in i t i on s .763.165 Manufa c tur e and importat ion prohi-bitions.763.167 Processing prohib i t ions .763.169 Distribution in commerce prohibi-tions.
763.171 L a b e l i n g requirements.
763.173 Exemptions.763.175 Enforcement.
763.176 I n s p e c t i o n s .763.178 Recordkeeping.763.179 C o n f i d e n t i a l business i n f o r m a t i o nclaims.

AUTHORITY: 15 U . S . C . 2605, 2 6 0 7 ( c ) , 2643, and
2646.

S u b p a r t s A-C [Reserved]
S u b p a r t D [Reserved]

S u b p a r t E — A s b e s t o s - C o n t a i n i n gM a t e r i a l s in S c h o o l s
S O U R C E : 52 FR 41846, Oct. 30. 1987, unlessotherwise noted.

§ 763.80 S c o p e and purpose .
(a) T h i s rule requires local educat ionagencies to i d e n t i f y f r i a b l e and nonfr i-able a s b e s t o s - c on ta in ing material

(ACM) in p u b l i c and p r i v a t e elemen-tary and secondary schools by v i s u a l l yinspect ing school bu i ld ing s for such
mater ial s , s a m p l i n g such mat er ia l s i fthey are not assumed to be A C M , andhaving sample s analyzed by a p p r o -priate techniques referred to in this
rule. The rule requires local educat ionagencies to submit management p lansto the Governor of the ir S t a t e by Octo-
ber 12, 1988, begin to implement thep l a n s by J u l y 9, 1989, and c o m p l e t e im-p l e m e n t a t i o n of the p lans in a t i m e l yfa sh i on . In a d d i t i o n , local educat ionagencies are required to use personswho have been accredi ted to conductinspec t ions , r e inspec t ions , d e v e l o p
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§763.83 40 CFR Ch. I (7-1-99 E d i t i o n )
management p lans , or per f orm re-sponse actions. The rule also includesrecordkeeping requirements. Localeducation agencies may contractuallyde l ega t e their duties under this rule,but they remain responsible for theproper performance of those duties.Local education agencies are encour-aged to consult with EPA Regional As-bestos Coordinators, or if a p p l i c a b l e , aState' s lead agency designated by theS t a t e Governor, for assistance in com-p l y i n g with this rule.

(b) Local education agencies mustprovide for the transportation and dis-posal of asbestos in accordance withE P A ' s "Asbestos Waste ManagementGuidance." For convenience, a p p l i c a b l esections of this guidance are reprintedas A p p e n d i x D of this subpart. Thereare regulations in p lac e , however, thata f f e c t transportat ion and di sposal ofasbestos waste generated by this rule.The transportat ion of asbestos waste iscovered by the Department of Trans-portat ion (49 CFR part 173, subpart J)and d i s p o s a l is covered by the Nat iona lEmissions S t a n d a r d s f or Hazardous AirPol lu tant s (NESHAP) (40 CFR part 61,subpart M).
§763.83 Def ini t i ons .

For purposes of this subpart:
Act means the T o x i c Substances Con-trol Act (TSCA), 15 U . S . C . 2601, etseq.
Accessible when referring to ACMmeans that the material is s ub j e c t todisturbance by school b u i l d i n g occu-pants or custodial or maintenance per-sonnel in the course of their normal ac-tivities.
Accredited or accreditation when refer-ring to a person or laboratory meansthat such person or laboratory is ac-credited in accordance with section 206of T i t l e II o f the Act .
Air erosion means the passage of airover f r i a b l e ACBM which may result inthe release of asbestos f iber s .
Asbestos means the asbes t i form vari-eties of: Chrysotile (serpentine); cro-c ido l i t e (riebeckite): amosite (cum-mingtoni t egruneri t e); a n t h o p h y l l i t e ;tremoli t e: and act inol i te .
Asbestos-containing material (ACM)when referring to school bu i ld ing smeans any material or product whichcontains more than 1 percent asbestos.

Asbestos-containing building material( A C B M ) means surfac ing ACM, thermalsystem insulation ACM, or miscella-neous ACM that is found in or on inte-rior structural members or other partsof a school building.Asbestos debris means pieces of ACBMthat can be i d e n t i f i e d by color, texture,or composition, or means dust, if thedust is determined by an accredited in-spector to be ACM.Damaged friable miscellaneous ACMmeans f r i a b l e miscellaneous ACMwhich has deteriorated or sustainedphysical injury such that the internalstructure (cohesion) of the material isinadequate or. if a p p l i c a b l e , which hasdelaminated such that its bond to thesubstrate (adhesion) is inadequate orwhich for any other reason lacks f i b e rcohesion or adhesion qualities. Suchdamage or deterioration may be i l l u s -trated by the separation of ACM intolayers; separation of ACM from thesubstrate; f l a k i n g , b l i s t e r ing , or crum-b l ing of the ACM surface; water dam-age; s i g n i f i c a n t or repeated waters tains, scrapes, gouges, mars or othersigns of physical injury on the ACM.Asbes to s debris or ig inat ing f r o m theACBM in question may also indicatedamage.Damaged friable surfacing ACM meansf r i a b l e surfacing ACM which has dete-riorated or sustained physical in jurysuch that the internal structure (cohe-sion) of the material is inadequate orwhich has de laminat ed such that itsbond to the substrate (adhe s i on) is in-adequate, or which, for any other rea-son, lacks f i b e r cohesion or adhesionqualit ie s . Such damage or deteriora-tion may be i l l u s t ra t ed by the separa-tion of ACM into layers; s eparat ion ofACM from the substrate: f l a k i n g , b l i s -t ering, or crumbling of the ACM sur-fac e: water damage; s i g n i f i c a n t or re-peated water stains, scrapes, gouges,mars or other signs of physical i n j u r yon the A C M . Asbestos debri s origi-nating from the ACBM in question mayalso indicate damage.Damaged or significantly damaged ther-mal system insulation ACM means ther-mal system insulation ACM on p i p e s ,boilers, tanks, ducts, and other ther-mal system insulat ion equipmentwhere the insulation has lost its struc-tural in t egr i ty , or its covering, in
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whole or in part, is crushed, water-stained, gouged, punctured, missing, ornot intact such that it is not able tocontain f iber s . Damage may be fur th eri l l u s t r a t e d by occasional punctures,gouges or other signs of physical in juryto A C M ; occasional water damage onthe protective c over ing s / ja cke t s ; or ex-posed ACM ends or j o i n t s . Asbe s to s de-bris originating from the ACBM inquestion may also indicate damage.Encapsulation means the treatment ofACBM with a material that surroundsor embeds asbestos f ibers in an adhe-sive matrix to prevent the release of fi-bers, as the encapsulant creates amembrane over the surface (br idg ingencapsulant) or penetrates the mate-rial and binds its components together( p e n e t r a t i n g encap su lant).Enclosure means an a ir t igh t , imper-meable, permanent barrier aroundACBM to prevent the release of asbes-tos f i b er s into the air.Fiber release episode means any un-contro l l ed or unintentional disturb-ance of ACBM re su l t ing in visible emis-sion.Friable when referring to material ina school b u i l d i n g means that the mate-r ia l , when dry, may be crumbled , pu l-verized, or reduced to powder by handpressure, and includes previously non-f r i a b l e material a f t e r such previouslyn o n f r i a b l e material becomes damagedto the extent that when dry it may becrumbled, pu lver i z ed , or reduced topowder by hand pressure.Functional space means a room, groupof rooms, or homogeneous area (inc lud-ing crawl spaces or the space between ad r o p p e d c e i l i n g and the f l o o r or roofdeck above), such as c la s sroom(s), aca f e t e r ia , gymnasium, h a l l w a y ( s ) , des-ignated by a person accredited to pre-pare management p l a n s , de s ign abate-ment p r o j e c t s , or conduct response ac-tions.High-efficiency paniculate air (HEPA)refer s to a f i l t e r i n g system capab l e oft r a p p i n g and retaining at least 99.97percent of all monodispersed partic le s0.3 (im in diameter or larger.Homogeneous area means an area ofs u r f a c i n g material, thermal system in-sulation material, or miscellaneousmaterial that is uni form in color andtexture.Local education agency means:

(1) Any local educational agency asde f in ed in section 198 of the Elemen-tary and Secondary Education Act of1965 (20 U . S . C . 3381).(2) The owner of any nonpub l i c , non-p r o f i t elementary, or secondary schoolbui ld ing.(3) The governing authority of anyschool operated under the d e f e n s e de-p e n d e n t ' s education system providedfor under the Defense D e p e n d e n t s ' Edu-cation Act of 1978 (20 U . S . C . 921, etseq.).Miscellaneous ACM means miscella-neous material that is ACM in a schoolbu i ld ing.Miscellaneous material means interiorbui ld ing material on structural compo-nents, structural members or f i x t u r e s ,such as f l o o r and c e i l ing t i l e s , and doesnot include s u r f a c i n g material or ther-mal system insulation.Nonfriable means material in a schoolb u i l d i n g which when dry may not becrumbled, pu lver iz ed , or reduced topowder by hand pressure.Operations and maintenance programmeans a program of work pract ice s tomaintain f r iab l e ACBM in good condi-tion, ensure clean up of asbestos f i b e r sprevious ly re leased, and prevent f u r -ther release by minimizing and con-tro l l ing f r i a b l e ACBM disturbance ordamage.Potential damage means cir-cumstances in which:(1) Friab l e ACBM is in an area regu-l ar ly used by b u i l d i n g occupants , in-c lud ing maintenance per sonne l , in thecourse of their normal ac t iv i t i e s .(2) There are indicat ions that there isa reasonable l i k e l i h o o d that the mate-rial or its covering wi l l become dam-aged, d e t e r i ora t ed , or d e l a m i n a t e d dueto f a c t o r s such as changes in b u i l d i n guse, changes in opera t i on s and mainte-nance pract ice s , changes in oc cupancy,or recurrent damage.Potential significant damage meanscircumstances in which:(1) F r i a b l e A C B M is in an area regu-larly used by b u i l d i n g occupants, in-c l u d i n g maintenance per sonne l , in thecourse of their normal ac t iv i t i e s .(2) There are indicat ions that there isa reasonable l ike l ihood that the mate-rial or its covering wi l l become s i g n i f i -cant ly damaged , d e t e r i o ra t ed , ord e l a m i n a t e d due to f a c t o r s such as
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changes in bu i ld ing use, changes in op-erations and maintenance practices,changes in occupancy, or recurrentdamage.(3) The material is subject to majoror continuing disturbance, due to fac-tors inc lud ing , but not l imited to, ac-ce s s ib i l i ty or, under certain cir-cumstances, vibration or air erosion.Preventive measures means actionstaken to reduce disturbance of ACBMor otherwise e l iminate the reasonablel i k e l i h o o d o f the m a t e r i a l ' s becomingdamaged or s i g n i f i c a n t l y damaged.Removal means the taking out or thes t r i p p i n g of s u b s t a n t i a l l y all ACBMfrom a damaged area, a func t ionalspace, or a homogeneous area in aschool bu i ld ing .Repair means returning damagedACBM to an undamaged condition or toan intact state so as to prevent f i b e rrelease.Response action means a method, in-c lud ing removal, encapsulat ion, enclo-sure, r epa ir , operations and mainte-nance, that pro t e c t s human health andthe environment f r o m f r i a b l e A C B M .Routine maintenance area means anarea, such as a boi ler room or mechan-ical room, that is not normally fre-quented by s tudents and in whichmaintenance employees or contractworkers r egu lar ly conduct mainte-nance activities .School means any elementary or sec-ondary school as d e f i n e d in section 198of the Elementary and Secondary Edu-cation Act of 1965 (20 U . S . C . 2854).School building means:(1) Any structure su i table for use as aclassroom, i n c l u d i n g a school f a c i l i t ysuch as a laboratory, library, schooleating f a c i l i t y , or f a c i l i t y used for theprepara t i on of f o o d .(2) Any gymnasium or other f a c i l i t ywhich is s p e c i a l l y designed for a t h l e t i cor recreational activities for an aca-demic course in physical education.(3) Any other f a c i l i t y used for the in-struction or housing of s tudents or forthe administration of educational orresearch programs.(4) Any maintenance, storage, or u t i l -ity f a c i l i t y , including any hallway, es-sential to the operation of any f a c i l i t ydescribed in this d e f i n i t i o n of "schoolbu i ld ing" under paragraph s (1), (2), or(3).

(5) Any portico or covered exteriorhallway or walkway.
(6) Any exterior portion of a mechan-ical system used to condition interiorspace.
Significantly damaged friable miscella-neous ACM means damaged f r i a b l e mis-cellaneous ACM where the damage isextensive and severe.
Significantly damaged friable surfacingACM means damaged f r i a b l e surfacingACM in a func t ional space where thedamage is extensive and severe.
State means a S t a t e , the District ofColumbia, the Commonwealth of Puer-to Rico, Guam, American Samoa, theNorthern Marianas, the Trust Terri-tory of the P a c i f i c I s l a n d s , and the Vir-gin Is land s .
Surfacing ACM means sur fa c ing mate-rial that is ACM.
Surfacing material means material ina school b u i l d i n g that is sprayed-on,troweled-on, or otherwise a p p l i e d tosur face s , such as acoustical p l a s t e r onceilings and f i r e p r o o f i n g material s onstructural members, or other materialson surfaces for acous t i cal , f i r e p r o o f i n g ,or other purpose s .
Thermal system insulation means ma-terial in a school b u i l d i n g a p p l i e d top i p e s , f i t t i n g s , bo i l er s , breeching,tanks, ducts, or other interior struc-tural components to prevent heat lossor gain, or water condensation, or forother purposes.
Thermal system insulation ACM meansthermal system insulat ion that isA C M .
Vibration means the per iod i c motionof f r i a b l e A C B M which may result inthe release of asbestos f i b e r s .

§763.84 General local education agen-cy re sponsibi l i t i e s .
Each local education agency sha l l :
(a) Ensure that the ac t iv i t i e s of anypersons who p e r f o r m inspec t ions , re-inspect ions, and p e r i o d i c survei l lance,d e v e l o p and u p d a t e management plans.and develop and implement responseactions, in c lud ing operat ions andmaintenance, are carried out in accord-ance with subpart E of this part.(b) Ensure that all custodial andmaintenance employee s are p r o p e r l ytrained as required by thi s subpart Eand other a p p l i c a b l e F e d e r a l and/or
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S t a t e regulations (e.g., the Occupa-tional S a f e t y and H e a l t h Administra-tion asbestos standard for construc-tion, the EPA worker pro t e c t ion rule,or a p p l i c a b l e Sta t e regulations).(c) Ensure that workers and bu i ld ingoccupants , or their legal guardians, areinformed at least once each school yearabout inspections, response actions,and post-response action activities, in-cluding periodic reinspection and sur-vei l lance activities that are planned orin progress.(d) Ensure that short-term workers(e.g., t e l ephone repair workers, u t i l i t yworkers, or exterminators) who maycome in contact with asbestos in aschool are prov ided in format ion re-garding the locat ions of ACBM and sus-pected ACBM assumed to be ACM.(e) Ensure that warning l a b e l s areposted in accordance with §763.95.(f) Ensure that management plansare available for inspection and n o t i f i -cation of such a v a i l a b i l i t y has beenprovided as s p e c i f i e d in the manage-ment p l a n under § 7 6 3 . 9 3 ( g ) .(g)(l) Designate a person to ensurethat requirements under this sectionare p r o p e r l y i m p l e m e n t e d .(2) Ensure that the des ignated personreceives adequate training to p e r f o r mduties assigned under this section.Such training sha l l p r o v i d e , as nec-essary, basic knowl edge of:( i ) H e a l t h e f f e c t s o f asbestos.(ii) Detection, id en t i f i ca t i on , and as-sessment o f A C M .( i i i ) Opt ion s f o r c o n t r o l l i n g A C B M .(iv) Asbe s t o s management programs.(v) Relevant F e d e r a l and S t a t e regu-la t ions concerning asbestos, inc lud ingthose in thi s subpart E and those of theOccupational S a f e t y and H e a l t h Ad-mini s trat ion, U . S . Depar tmen t o fLabor, the U . S . Department of Trans-por ta t i on and the U . S . EnvironmentalProtec t ion Agency.(h) Cons ider whether any c o n f l i c t ofinterest may arise f r o m the inter-r e l a t i o n s h i p among accredited per-sonnel and whether that should i n f l u -ence the s e l e c t i on of accredited per-sonnel to p e r f o r m act ivit ie s under thissubpart.

§ 763.85 I n s p e c t i o n and reinspections.
(a) Inspection. (1) Except as providedin paragraph (a) (2) of this section, be-

fore October 12, 1988, local educationagencies shall inspect each schoolb u i l d i n g that they lease, own, or other-wise use as a school b u i l d i n g to iden-t i f y all locations of f r i a b l e and nonfr i-able A C B M .
(2) Any bu i ld ing leased or acquired onor a f t e r October 12. 1988. that is to beused as a school b u i l d i n g shall be in-spected as described under paragraphs(a) (3) and (4) of this section prior touse as a school bu i ld ing . In the eventthat emergency use of an uninspectedbu i ld ing as a school b u i l d i n g is neces-sitated, such buildings shall be in-spec ted within 30 days a f t e r commence-ment of such use.
(3) Each inspec t ion shall be made byan accredited inspector.
(4) For each area of a school b u i l d i n g ,except as exc luded under §763.99, eachperson p e r f o r m i n g an inspec t ion s h a l l :
(i) V i s u a l l y inspect the area to iden-t i f y the l o ca t i on s of al l su spe c t edA C B M .
(ii) Touch all s u sp e c t ed ACBM to de-termine whether they are f r i a b l e .
(i i i) I d e n t i f y al l homogeneous areasof f r i a b l e su spec t ed A C B M and all ho-mogeneous areas of n o n f r i a b l e sus-pected A C B M .
(iv) Assume that some or all of thehomogeneous areas are A C M , and. foreach homogeneous area that is not as-sumed to be A C M , c o l l e c t and submitfor analysis bulk s a m p l e s under

§§763.86 and 763.87.
(v) Assess, under §763.88 , f r i a b l e ma-terial in areas where s a m p l e s are col-l e c t e d , f r i a b l e mater ial in areas thatare assumed to be A C B M , and f r i a b l eA C B M i d e n t i f i e d d u r i n g a prev iou s in-spec t ion.
(vi) Record the f o l l o w i n g and submitto the person designated under §763.84a copy of such record for inclus ion inthe management p l a n wi th in 30 days ofthe inspect ion:
(A) An in spe c t i on report with thedate of the in sp e c t i on signed by eachaccredi ted person making the inspec-tion, S t a t e of a c c r e d i t a t i o n , and if ap-p l i c a b l e , his or her a c cr ed i ta t i on num-ber.
(B) An inventory of the l o ca t i on s ofthe homogeneous areas where s a m p l e sare c o l l e c t e d , exact l o c a t i o n whereeach bulk sample is co l l e c t ed , dates
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that samples are co l l e c t ed , homo-geneous areas where f r i a b l e suspectedACBM is assumed to be ACM, and ho-mogeneous areas where nonfriable sus-pected ACBM is assumed to be ACM.(C) A de s cr ip t ion of the manner usedto determine sampl ing locations, thename and signature of each accreditedinspector who co l l e c t ed the samples.S t a t e of accreditation, and, if appl i ca-ble , his or her accreditation number.(D) A list of whether the homo-geneous areas i d e n t i f i e d under para-graph (a)(4)(vi)(B) of this section, aresurfac ing material , thermal system in-su la t i on, or miscel laneous material.(E) Assessments made of f r i a b l e ma-t e r ia l , the name and signature of eachaccredited inspec tor making the as-sessment, S t a t e of accreditation, and ifa p p l i c a b l e , his or her accreditationnumber.(b) Reinspection. (I) At least onceevery 3 years a f t e r a management p lanis in e f f e c t , each local education agen-cy shall conduct a reinspection of allf r i a b l e and nonfr iab l e known or as-sumed A C B M in .each school bu i ld ingthat they lease, own, or otherwise useas a school bu i ld ing .(2) Each inspect ion shall be made byan accredi t ed inspector.(3) For each area of a school bu i ld ing,each person p e r f o r m i n g a re inspec t ionshal l:(i) V i s u a l l y reinspect, and reassess,under §763.88. the condition of all fr i-able known or assumed A C B M .(i i) V i s u a l l y inspect material thatwas previous ly considered non fr iab l eACBM and touch the material to deter-mine whether it has become f r i a b l esince the last in spe c t i on or reinspec-tion.(ii i) I d e n t i f y any homogeneous areaswith material that has become f r i a b l esince the last in spe c t i on or reinspec-tion.(iv) For each homogeneous area ofnewly f r i a b l e material that is alreadyassumed to be A C B M , b u l k samplesmay be c o l l e c t e d and submitted foranalysis in accordance with §§763.86and 763.87.(v) Asses s , under §763.88. the condi-tion of the newly f r i a b l e material inareas where samples are co l l e c t ed , andnewly f r i a b l e materials in areas thatare assumed to be A C B M .

40 CFR Ch. I (7-1-99 Edi t i on)
(vi) Reassess, under §763.88, the con-dition of f r i a b l e known or assumedACBM previously i d e n t i f i e d .
(vii) Record the f o l l o w i n g and submitto the person designated under §763.84a copy of such record for I n c l u s i o n inthe management plan within 30 days ofthe reinspection:
(A) The date of the reinspection, thename and signature of the person mak-ing the reinspection, S t a t e of accredi-tation, and if a p p l i c a b l e , his or her ac-creditation number, and any changesin the condition of known or assumedACBM.
(B) The exact locations where sam-p l e s are co l l ec t ed during the reinspec-tion, a description of the manner usedto determine s a m p l i n g locations, thename and signature of each accreditedinspector who col l ec t ed the samples.S t a t e of accreditation, and, if a p p l i c a -ble, his or her accreditation number.
(C) Any assessments or reassess-ments made of f r i a b l e material , thename and signature of the accreditedinspector making the assessments.Stat e of accreditation, and if a p p l i c a -ble, his or her accreditation number.
(c) General. Thermal system insula-tion that has retained its structural in-t egr i ty and that has an undamagedprotec t ive jacke t or wrap that preventsf i b e r release shall be treated as nonfri-able and ther e f or e is sub j e c t only toper iodic surveillance and preventivemeasures as necessary.

§ 763.86 S a m p l i n g .
(a) Surfacing material. An accredi t edinspector shall c o l l e c t , in a s ta t i s-t i c a l l y random manner that is rep-resentative of the homogeneous area,bulk sample s f r om each homogeneousarea of f r i a b l e sur fac ing material thatis not assumed to be ACM, and shal lcol lec t the sample s as f o l l o w s :
(1) At least three bulk sample s sha l lbe co l l e c t ed f r o m each homogeneousarea that is 1,000 ft2 or less, except asprovided in § 763.87(c) (2).
(2) At least f i v e bulk sample s shall beco l l e c t ed f rom each homogeneous areathat is greater than 1,000 ft2 but lessthan or equal to 5,000 f t 2 , except as pro-vided in § 7 6 3 . 8 7 ( c ) ( 2 ) .(3) At least seven bulk sample s shallbe co l l e c t ed f r o m each homogeneous
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area that is greater than 5,000 f t 2 , ex-cept as provided in § 763.87(c) (2).(b) Thermal system insulation. (1) Ex-cept as provided in paragraphs (b) (2)through (4) of this section and§ 7 6 3 . 8 7 ( c ) , an accredited inspector shallc o l l e c t , in a randomly d i s tr ibu t ed man-ner, at least three bulk samples f r omeach homogeneous area of thermal sys-tem insulation that is not assumed tobe ACM.(2) C o l l e c t at least one bulk samplef r o m each homogeneous area ofpa t ched thermal system insulationthat is not assumed to be ACM if thepatched section is less than 6 linear orsquare f e e t .(3) In a manner s u f f i c i e n t to deter-mine whether the material is ACM ornot ACM, c o l l e c t bulk s a m p l e s f r o meach insulated mechanical system thatis not assumed to be ACM where ce-ment or p l a s t e r is used on f i t t i n g s suchas tees, elbows, or valves, except asprovided under § 7 6 3 . 8 7 ( c ) (2).(4) Bulk sample s are not required tobe c o l l e c t e d f rom any homogeneousarea where the accredited inspector hasdetermined that the thermal systeminsulat ion i s f i b e r g l a s s , f o a m g la s s ,rubber, or other non-ACBM.(c) Miscellaneous material. In a man-ner s u f f i c i e n t to determine whethermaterial is ACM or not ACM, an ac-credited inspec tor shall co l l e c t bulksample s f r om each homogeneous areaof f r i a b l e miscellaneous material thatis not assumed to be ACM.(d) Nonfriable suspected ACBM. If anyhomogeneous area of n o n f r i a b l e ' sus-pected A C B M is not assumed to beACM, then an accredited inspec torshall c o l l e c t , in a manner s u f f i c i e n t todetermine whether the material isACM or not ACM, bulk sample s f r o mthe homogeneous area of nonfr iab l esu spe c t ed ACBM that is not assumed tobe ACM.

§763.87 Analysis.
(a) Local educa t ion agencies shallhave bu lk s a m p l e s , c o l l e c t ed under§763.86 and submitted for analysis, ana-lyzed for asbestos using laboratorie saccredited by the N a t i o n a l Bureau ofS t a n d a r d s ( N B S ) . Local educationagencies shal l use laboratories whichhave received interim accreditation forpolarized l igh t microscopy (PLM) anal-

ysis under the EPA Inter im Asbes to sBulk S a m p l e Analysis Quality Assur-ance Program until the NBS PLM lab-oratory accreditation program for PLMis operational.
(b) Bulk sample s shall not be compos-ited for analysis and shall be analyzedfor asbestos content by PLM, using the"Interim Method for the Determina-tion of Asbe s to s in Bulk I n s u l a t i o nSample s " found at a p p e n d i x E to sub-part E of this part.
(c)(l) A homogeneous area is consid-ered not to contain ACM only if the re-sult s of all samples required to be col-l e c t ed f rom the area show asbestos inamounts of 1 percent or less.
(2) A homogeneous area shall be de-termined to contain ACM based on af i n d i n g that the results of at least onesample co l l e c t ed f r o m that area showsthat asbestos is present in an amountgreater than 1 percent.
(d) The name and addres s of each lab-oratory p e r f o r m i n g an analysi s , thedate of analysis , and the name and sig-nature of the person p e r f o r m i n g the

analysis shall be submitted to the per-son designated under §763.84 for inclu-sion into the management p l a n within30 days of the analysis.
[52 FR 41846, Oct. 30, 1987, as amended at 60FR 31922, J u n e 19 , 1995]
§ 763.88 Assessment.

(a){l) For each inspection and rein-
spect ion conducted under §763.85 (a)and (c) and previous i n s p e c t i o n s spe c i-f i e d under §763.99, the local educa t i onagency shal l have an ac cr ed i t ed inspec-tor prov id e a wri t t en assessment of allf r i a b l e known or assumed A C B M in theschool b u i l d i n g .

(2) Each accredi ted in sp e c t or pro-
vid ing a written assessment shal l signand date the assessment, p r o v i d e his orher S t a t e of ac cred i ta t ion, and if a p p l i -cable , ac cred i ta t ion number, and sub-mit a copy of the assessment to theperson de s ignated under §763.84 for in-clusion in the management plan wi th in30 days of the assessment.(b) The in spec tor sha l l c l a s s i f y andgive reasons in the written assessmentfor c l a s s i f y i n g the ACBM and su spe c t edACBM assumed to be ACM in theschool b u i l d i n g into one of the f o l -
lowing categories:
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(1) Damaged or s i gn i f i can t ly dam-aged thermal system insulation A C M .(2) Damaged f r i a b l e surfacing A C M .
(3) S i g n i f i c a n t l y damaged f r i a b l e sur-fac ing A C M .(4) Damaged or s igni f i cant ly dam-aged f r i a b l e miscellaneous A C M .(5) ACBM with potent ial for damage.
(6) ACBM with potential for s i g n i f i -cant damage.(7) Any remaining f r i a b l e ACBM orf r i a b l e suspected ACBM.(c) Assessment may include the f o l -lowing considerations:(1) Location and the amount of thematerial, both in total quantity and asa percentage of the funct ional space.(2) Condi t i on of the material, speci-f y i n g :(i) T y p e of damage or s ignif icantdamage (e.g., f l a k i n g , b l i s t e r ing , waterdamage, or other signs of physicaldamage).(ii) Sever i ty of damage (e.g., majorf l a k i n g , severely torn jacke t s , as op-posed to occasional f l a k i n g , minortears to j a c k e t s ) .(iii) Extent or spread of damage overlarge areas or large percentages of thehomogeneous area.(3) Whether the material is acces-sible.( 4 ) T h e m a t e r i a l ' s p o t e n t i a l f o r dis-turbance.(5) Known or suspected causes ofdamage or s igni f i cant damage (e.g., airerosion, vandali sm, vibration, water).(6) Preventive measures which mighte l iminate the reasonable l i k e l i h o o d ofundamaged ACM f r o m becoming sig-n i f i c a n t l y damaged.(d) The local education agency shallselect a person accredited to deve lopmanagement p lans to review the re-sults of each inspec t ion, reinspect ion,and assessment for the school b u i l d i n gand to conduct any other necessary ac-t ivi t i e s in order to recommend in writ-ing to the local education agency ap-p r o p r i a t e response actions. The accred-ited person shall sign and date the rec-ommendation, provide his or her S t a t eof accreditation, and, if a p p l i c a b l e , pro-vide his or her accreditation number,and submit a copy of the recommenda-tion to the person designated under§763.84 for inclusion in the manage-ment p lan.

§763.90 Response actions.
(a) The local education agency shallselect and implement in a timely man-ner the a p p r o p r i a t e response actions inthis section consistent with the assess-ment conducted in §763.88. The re-sponse actions selected shall be s u f f i -cient to protect human health and theenvironment. The local educationagency may then select, f r om the re-sponse actions which protect humanhealth and the environment, that ac-tion which is the least burdensomemethod. N o t h i n g in this section shallbe construed to prohibi t removal ofACBM f r o m a school b u i l d i n g at anytime, should removal be the pr e f e rr edresponse action of the local educationagency.
(b) If damaged or s i g n i f i c a n t l y dam-aged thermal system insulation ACM ispresent in a bu i ld ing , the local edu-cation agency shall:
(1) At least repair the damaged area.(2) Remove the damaged material ifit is not f e a s i b l e , due to t e chnologicalf a c t or s , to repair the damage.(3) Maintain all thermal system insu-lat ion ACM and its covering in an in-tact state and undamaged condition.( c ) ( l ) I f damaged f r i a b l e s u r fa c ingACM or damaged f r i a b l e miscellaneousACM is present in a b u i l d i n g , the localeducation agency shall select f r omamong the f o l l o w i n g response actions:encapsu la t ion, enclosure, removal, orrepair of the damaged material.
(2) In s e l e c t ing the response actionf r o m among those which meet the d e f i -nitional s tandards in §763.83, the localeducation agency shall de terminewhich of these response actions pro-tects human heal th and the environ-ment. For purpose s of d e t erminingwhich of these response actions are theleast burdensome, the local educationagency may then consider local cir-cumstances, i n c l u d i n g occupancy anduse pa t t erns within the school b u i l d -ing, and its economic concerns, includ-ing short- and long-term costs.( d ) I f s i g n i f i c a n t l y damaged f r i a b l es u r fa c ing ACM or s i g n i f i c a n t l y dam-aged f r i a b l e mi sce l laneous ACM ispresent in a b u i l d i n g the local edu-cation agency sha l l :
(1) I m m e d i a t e l y i s o la t e th e f unc-tional space and restrict access, unless
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i so la t ion is not necessary to protecthuman health and the environment.

(2) Remove the material in the func-tional space or, d e p e n d i n g upon wheth-er enclosure or encapsulation would bes u f f i c i e n t to protec t human health andthe environment, enclose or encap-sulate.
( e ) I f a n y f r i a b l e sur fac ing A C M ,thermal system insulation ACM, or fri-able miscellaneous ACM that has po-tential for damage is present in ab u i l d i n g , the local education agencyshall at least impl ement an operationsand maintenance (O&M) program, asdescribed under §763.91.
( f ) I f a n y f r i a b l e sur fac ing A C M , ther-mal system insulat ion ACM, or f r i a b l emisce l laneous ACM that has po t en t ia lfor s ign i f i cant damage is present in ab u i l d i n g , the local education agencysha l l :
(1) I m p l e m e n t an O&M program, asdescribed under §763.91.
(2) Ins t i tu t e preventive measures ap-p r o p r i a t e to e l i m i n a t e the reasonablel i k e l i hood that the ACM or its coveringwill become s i g n i f i c a n t l y damaged, de-teriorated, or d e l a m i n a t e d .
(3) Remove the material as soon aspo s s i b l e i f a p p r o p r i a t e preventivemeasures cannot be e f f e c t i v e l y i m p l e -mented, or unless other response ac-tions are determined to protect humanheal th and the environment. Imme-d i a t e l y i so late the area and restrict ac-cess if necessary to avoid an imminentand subs tantial endangerment tohuman heal th or the environment.
(g) Response actions i n c l u d i n g re-moval, encap su la t i on , enclosure, or re-pair , other than smal l - s ca l e , short-du-ration repairs , shall be des igned andconducted by persons accredited to de-sign and conduct response actions.
(h) The requirements of thi s subpartE in no way supersede the worker pro-t ec t ion and work practice require-ments under 29 CFR 1926.58 (Occupa-tional S a f e t y and H e a l t h Admini s t ra-tion (OSHA) asbestos worker protec-tion s tandards for construct ion), 40CFR part 763, subpart G (EPA asbestosworker pro t e c t i on s tandards for p u b l i ce m p l o y e e s ) , and 40 CFR part 61. sub-part M ( N a t i o n a l Emission S t a n d a r d sf o r Hazardou s A i r P o l l u t a n t s — A s b e s -tos).

(1) C o m p l e t i o n of response actions. (1)At the conclusion of any action to re-move, encapsulate, or enclose A C B M ormaterial assumed to be A C B M , a per-son designated by the local educationagency shall visually inspect eachfunc t i ona l space where such action wasconducted to determine whether theaction has been p r o p e r l y c o m p l e t e d .(2)(i) A person des ignated by the localeducation agency shall co l l e c t air sam-p l e s using aggressive s a m p l i n g as de-scribed in a p p e n d i x A to this subpart Eto monitor air for clearance a f t e r eachremoval, encapsulat ion, and enclosurep r o j e c t involving A C B M , except f o rp r o j e c t s that are of smal l - s ca l e , short-duration.(ii) Local education agencies shallhave air samples c o l l e c t ed under thissection analyzed for asbestos using lab-oratories accredited by the N a t i o n a lBureau of S t a n d a r d s to conduct suchanalysis using transmission electronmicroscopy (TEM) or, under cir-cumstances p e r m i t t e d in thi s section,laboratories enro l l ed in the AmericanI n d u s t r i a l H y g i e n e Assoc ia t i on Pro-f i c i ency Analyt i ca l T e s t i n g Programfor phase contrast microscopy ( P C M ) .(ii i) U n t i l the N a t i o n a l Bureau ofS t a n d a r d s T E M laboratory accredita-tion program is o p e r a t i o n a l , local edu-cational agencies shal l use laboratorie sthat use the pro toco l described in ap-pend ix A to subpart E of this part .(3) Except as prov ided in p a r a g r a p h s(i)(4), and (i)(5), of this sect ion, an ac-tion to remove, encap su la t e , or encloseACBM shall be considered c o m p l e t ewhen the average concentration of as-bestos of f i v e air s a m p l e s c o l l e c t e dwithin the a f f e c t e d f u n c t i o n a l spaceand analyzed by the TEM method ina p p e n d i x A of this subpart E, is nots t a t i s t i c a l l y s i g n i f i c a n t l y d i f f e r e n t , a sde termined by the Z - t e s t c a l cu la t i onf o u n d in a p p e n d i x A of thi s subpart E,f r o m the average asbestos concentra-tion of f i v e air s a m p l e s c o l l e c t e d at thesame time outs ide the a f f e c t e d func-tional space and analyzed in the samemanner, and the average asbestos con-centration of the three f i e l d blanks de-scribed in a p p e n d i x A of this subpart Eis below the f i l t e r background l e v e l , asd e f i n e d in a p p e n d i x A of this subpart E,of 70 structures per square m i l l i m e t e r( 7 0 s / m m 2 ) .
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(4) An action may also be consideredcomple t e if the volume of air drawn foreach of the f i v e samples collected with-in the a f f e c t e d functional space isequal to or greater than 1,199 L of airfor a 25 mm f i l t e r or equal to or greaterthan 2,799 L of air for a 37 mm f i l t e r ,and the average concentration of asbes-tos as analyzed by the TEM method ina p p e n d i x A of this subpart E, for thef ive air samples does not exceed the f i l -ter background l eve l , as de f ined in ap-pend ix A, of 70 structures per squaremi l l ime t er (70 s /mm 2 ). If the averageconcentration of asbestos of the f iveair samples within the a f f e c t e d func-tional space exceeds 70 s /mm 2 , or if thevolume of air in each of the samples isless than 1.199 L of air for a 25 mm f i l -ter or less than 2,799 L of air for a 37mm f i l t e r , the action shall be consid-ered comple t e only when the require-ments of paragraph (i)(3) or (i)(5), ofthis section are met.(5) At any time, a local educationagency may analyze air monitoringsampl e s c o l l e c t e d for clearance pur-poses by phase contrast microscopy(PCM) to conf irm comple t i on of re-moval, encapsu la t ion, or enclosure ofACBM that is greater than smal l- s ca l e ,short-duration and less than or equalto 160 square f e e t or 260 linear f e e t . Theaction shall be considered c ompl e t ewhen the resul t s of sample s co l l e c t edin the a f f e c t e d func t ional space andanalyzed by phase contrast microscopyusing the N a t i o n a l I n s t i t u t e for Occu-pational S a f e t y a n d H e a l t h ( N I O S H )Method 7400 en t i t l ed "Fibers" pub-lished in the NIOSH Manual of Analyt-ical M e t h o d s , 3rd Edi t i on , Second S u p -p l e m e n t , August 1987, show that theconcentration of f i b e r s for each of thef i v e s a m p l e s is less than or equal to al imit of quantitation for PCM (0.01 fi-bers per cubic centimeter (0.01 f / c m 3 ) ofair). The method is avai lab l e for p u b l i cin spec t ion at the O f f i c e of the F e d e r a lRegister, 800 N o r t h C a p i t o l S t r e e t . NW,S u i t e 700, Washington, DC, 20408, andthe N o n - C o n f i d e n t i a l I n f o r m a t i o n Cen-t e r ( N C I C ) (7407), O f f i c e o f P o l l u t i o nPrevention and Toxic s , U . S . Environ-mental Protec t ion Agency, Room B-607N E M . 401 M S t r e e t , S W . . Washington,DC, 20460, between the hours of 12 p.m.and 4 p.m. weekdays ex c lud ing legalhol idays. T h i s incorporation by r e f -

erence was approved by the Director ofthe Federal Register in accordancewith 5 U . S . C . 5 5 2 ( a ) and 1 CFR part 51.The method is incorporated as it existson the e f f e c t i v e date of this rule, and anotice of any change to the methodwill be pub l i shed in the FEDERAL REG-I S T E R .(6) To determine the amount ofACBM a f f e c t e d under paragraph ( i ) ( 5 )of this section, the local educationagency shall add the total square orlinear f o o tag e of ACBM within the con-tainment barriers used to isolate thefunct ional space for the action to re-move, encapsulate, or enclose theACBM. Contiguous portions of materialsubject to such action conducted con-currently or at a p p r o x i m a t e l y thesame time within the same schoolb u i l d i n g shall not be separated to qual-ify under paragraph (i)(5), o f this sec-tion.
[52 FR 41846. Oct. 30. 1987. as amended at 53
FR 12525, Apr. 15. 1988; 60 FR 31922, J u n e 19.1995; 60 FR 34465, J u l y 3. 1 9 9 5 ]
§763.91 Operations and maintenance.

(a) Applicability. The local educationagency shall implement an operations,maintenance, and repair ( O & M ) pro-gram under this section whenever anyf r i a b l e ACBM is present or assumed tobe present in a b u i l d i n g that it leases ,owns, or otherwise uses as a schoolb u i l d i n g . Any material i d e n t i f i e d asn o n f r i a b l e A C B M or n o n f r i a b l e as-sumed ACBM must be treated as f r i a b l eACBM for purpos e s of this sectionwhen the material is about to becomef r i a b l e as a result of ac t ivi t i e s per-formed in the school b u i l d i n g .(b) Worker protection. The p r o t e c t i o nprovided by EPA at 40 CFR 763.121 forworker pro t e c t i on during asbestosabatement p r o j e c t s is extended to em-ployees of local education agencies whoper f orm operations, maintenance, andrepair ( O & M ) act ivi t ie s involving A C Mand who are not covered by the OSHAasbestos construction standard at 29CFR 1926.58 or an asbestos worker ap-proved by OSHA under section 19 of theOccupational S a f e t y and H e a l t h A c t .Local education agencies may consulta p p e n d i x B of this subpart if their em-p loyee s are p e r f o r m i n g operat ions ,maintenance, and repair ac t ivi t i e s thatare of smal l- s ca l e , shor t-durat ion.
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(c) Cleaning— (1) Initial cleaning. Un-less the bu i ld ing has been cleanedusing equivalent methods within theprevious 6 months, all areas of a schoolb u i l d i n g where f r i a b l e A C B M , damagedor s i g n i f i c a n t l y damaged thermal sys-tem insulat ion A C M , or f r i a b l e sus-pected ACBM assumed to be ACM arepresent shall be cleaned at least oncea f t e r the c o m p l e t i o n of the inspect ionrequired by §763.85 (a) and b e f o r e theini t ia t ion of any response action, otherthan O&M activit ies or repair, accord-ing to the f o l l o w i n g procedures:(i) HEPA-vacuum or steam-clean allcarpets.(ii) H E P A - v a c u u m or wet-clean allother f l o o r s and a l l . other horizontalsurface s .(ii i) Dispose o f a l l debris, f i l t e r s ,mopheads , and c l o t h s in sealed, leak-t igh t containers.(2) Additional cleaning. The accreditedmanagement p lanner shall make awritten recommendation to the localeducation agency whether add i t i ona lc leaning is needed, and if so, the meth-ods and frequency of such cleaning.(d) Operations and maintenance activi-ties. The local educat ion agency shal lensure that the procedures describedbelow to pro t e c t b u i l d i n g occupantsshall be f o l l o w e d for any operat ionsand maintenance ac t iv i t i e s d i s t u r b i n gf r i a b l e A C B M :(1) Restrict entry into the area bypersons other than those necessary top e r f o r m the maintenance p r o j e c t , ei-ther by p h y s i c a l l y i s o l a t i n g the area orby s ch edu l ing .(2) Post signs to prevent entry by un-authorized persons.(3) S h u t o f f or t e m p o r a r i l y m o d i f ythe air-handl ing system and restrictother sources of air movement.(4) Use work pract ice s or other con-trol s , such as, wet methods, protect ivec lo th ing. H E P A - v a c u u m s , mini-enclo-sures, glove bags, as necessary to in-hibit the spread of any released f ib er s .(5) Clean all f i x t u r e s or other compo-nents in the immediate work area.(6) Place the asbestos debris andother cleaning materials in a s ea l ed ,l eak- t igh t container.(e) Maintenance activities other thansmall-scale, short-duration. The responseaction for any maintenance ac t iv i t i e sd i s t u r b i n g f r i a b l e A C B M , other than

small-scale, short-duration mainte-nance act ivi t i e s , shall be de s igned bypersons accredited to design responseactions and conducted by persons ac-credited to conduct response actions.(f) Fiber release episodes—(1) Minorfiber release episode. The local educationagency shall ensure that the proce-dures described below are f o l l o w e d inthe event of a minor f i b e r release epi-sode (i.e., the f a l l i n g or d i s l o d g i n g of 3square or linear f e e t or less of f r i a b l eA C B M ) : 5(i) T h o r o u g h l y saturate the debrisusing wet methods.(ii) Clean the area, as described inparagraph (e) of this section.( i i i ) Place the asbestos debris in as ea led, leak-tight container.(iv) Repair the area of damaged ACMwith materials such as asbe s to s- frees p a c k l i n g , p l a s t e r , cement, or insula-tion, or seal with latex paint or anencapsulant , or i m m e d i a t e l y have thea p p r o p r i a t e response action i m p l e -mented as required by §763.90.(2) Major fiber release episode. Thelocal education agency shall ensurethat the procedure s described below aref o l l o w e d in the event of a m a j o r f i b e rrelease ep i s od e (i.e . , the f a l l i n g or dis-l o d g i n g of more than 3 square or l inearf e e t o f f r i a b l e A C B M ) :(i) Restrict entry into the area andpost signs to prevent entry into thearea by persons other than those nec-essary to p er f orm the response action.
( i i ) Shut o f f o r t e m p o r a r i l y m o d i f ythe a i r - h a n d l i n g system to prevent thed i s t r i b u t i o n of f i b e r s to other areas inthe b u i l d i n g .( i i i ) The response action for anymajor f i b e r re lease e p i s o d e must be de-signed by persons accredi t ed to des ignresponse actions and conduc t ed by per-sons accredited to conduct response ac-tions.

§763.92 Training and per iod i c surveil-lance.
(a) Training. (1) The local educa t ion

agency shall ensure, prior to the imp l e -mentation of the O&M provi s ions ofthe management p l a n , that all mem-bers of its maintenance and cu s tod ia ls t a f f (custodians, e lectricians, heat ing/air c ond i t i on ing engineers, p l u m b e r s ,etc.) who may work in a b u i l d i n g thatcontains A C B M receive awareness
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training of at least 2 hours, whether ornot they are required to work withACBM. New custodial and maintenanceemployees shall be trained within 60days a f t er commencement of employ-ment. Training shall include, but notbe l imited to:(i) Informat ion regarding asbestosand its various uses and forms.(ii) Informat i on on the health e f f e c t sassociated with asbestos exposure.(iii) Locations of ACBM i d e n t i f i e dthroughout each school bu i ld ing inwhich they work.(iv) Recognition of damage, deterio-ration, and delamination of ACBM.(v) Name and te lephone number ofthe person designated to carry out gen-eral local education agency respon-s i b i l i t i e s under §763.84 and the avail-ab i l i ty and location of the manage-ment plan.(2) The local education agency shallensure that all members of its mainte-nance and custodial s t a f f who conductany activities that will result in thedisturbance of ACBM shall receivetraining described in paragraph (a)(l)of this section and 14 hours of addi-tional training. A d d i t i o n a l trainingshal l include, but not be limited to:(i) Descriptions of the proper meth-ods of handl ing A C B M .(ii) I n f o r m a t i o n on the use of res-piratory pro t e c t i on as contained in theEPA/NIOSH Guide to Respiratory Protec-tion for the Asbestos Abatement Industry,S e p t e m b e r 1986 (EPA 5 6 0 / O P P T S - 8 6 -001), available f r o m the Director, Envi-ronmental Assi s tance Division (7408),O f f i c e of P o l l u t i o n Prevention andT o x i c s , U . S . Environmental Protect ionAgency. Room E-543B, 401 M S t . , S W . ,W a s h i n g t o n , DC, 20460, T e l e p h o n e : (202)554-1404. TDD: (202) 544-0551 and otherpersonal protec t ion measures.(iii) The provisions of this sectionand §763.91, A p p e n d i c e s A, B, C, D ofthis subpart E of this part , EPA regula-tions contained in 40 CFR part 763, sub-part G. and in 40 CFR part 61, subpartM, and OSHA regulat ions contained in
29 CFR 1926.58.(iv) Hands-on training in the use ofrespiratory protec t ion, other personalpro t e c t i on measures, and good workpractices.(3) Local education agency mainte-nance and custodial s t a f f who have at-

tended EPA-approved asbestos trainingor received equivalent training forO&M and periodic surveillance activi-ties involving asbestos shall be consid-ered trained for the purposes of thissection.(b) Periodic surveillance. (1) At leastonce every 6 months a f t e r a manage-ment plan is in e f f e c t , each local edu-cation agency shall conduct periodicsurveillance in each bu i ld ing that itleases, owns, or otherwise uses as aschool building that contains A C B M oris assumed to contain ACBM.(2) Each person per f orming p er i od i csurveillance shal l:(i) Vi sua l ly inspect all areas that arei d e n t i f i e d in the management p lan asACBM or assumed ACBM.(ii) Record the date of the surveil-lance, his or her name, and anychanges in the condit ion of the mate-rials.(iii) Submit to the person designatedto carry out general local educationagency re spons ib i l i t i e s under §763.84 acopy of such record for inclusion in themanagement plan.
[52 FR 41846. Oct. 30. 1987, as amended at 60FR 34465, J u l y 3, 1995]
§ 763.93 Management plans.

(a)(l) On or b e f o r e October 12, 1988,each local education agency shal l de-v e l o p an asbestos management p lan foreach school, i n c l u d i n g all b u i l d i n g sthat they lease, own. or otherwise useas school b u i l d i n g s , and submit thep l a n to an Agency de s ignated by theGovernor of the S t a t e in which thelocal education agency is located. Thep l a n may be submitted in stages thatcover a portion of the school b u i l d i n g sunder the authori ty of the local edu-cation agency.(2) If a bu i ld ing to be used as part ofa school is leased or otherwise acquireda f t e r October 12, 1988, the local edu-cation agency shall inc lude the newb u i l d i n g in the management p l a n forthe school prior to its use as a schoolbu i ld ing . The revised portions of themanagement p lan shall be submitted tothe Agency designated by the Gov-ernor.(3) If a local education agency beginsto use a bui lding as a school a f t e r Octo-ber 12. 1988, the local education agencyshall submit a management p l a n for
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the school to the Agency designated bythe Governor prior to its use as aschool.(b) On or be fore October 17, 1987, theGovernor of each S t a t e shall n o t i f ylocal education agencies in the S t a t eregarding where to submit their man-agement plans. S t a t e s may e s tabl i shadministrative procedures for review-ing management plans. If the Governordoes not d i sapprove a managementp l a n within 90 days a f t e r receipt of thep l a n , the local education agency shallimplement the plan.(c) Each local education agency mustbegin implementat ion of its manage-ment p lan on or b e f o r e J u l y 9, 1989, andcomple t e impl ementa t i on in a t imelyfa shion.(d) Each local education agency shal lmaintain and u p d a t e its managementp l a n to keep it current with ongoingoperations and maintenance, p er i od i csurvei l lance, inspection, reinspection,and response action activities. All pro-visions required to be inc luded in themanagement p l a n under this sectionshall be retained as part of the man-agement p lan, as well as any informa-tion that has been revised to bring thep l a n up-to-date .(e) The management p l a n shall be de-v e l op ed by an accredi ted managementplanner and shall include:(1) A l i s t of the name and addres s ofeach school b u i l d i n g and whether theschool bu i ld ing contains f r i a b l e A C B M ,n o n f r i a b l e A C B M . and f r i a b l e and non-f r i a b l e suspected ACBM assumed to beA C M .(2) For each inspection conducted be-f o r e the December 14, 1987:(i) The date of the inspec t ion.(ii) A b l u e p r i n t , d iagram, or writtendescription of each school bu i ld ing thati d e n t i f i e s c l ear ly each locat ion and ap-proximate square or linear f o o t a g e ofany homogeneous or s a m p l i n g areawhere material was sampled for ACM,and, if p o s s i b l e , the exact locat ionswhere bulk s a m p l e s were c o l l e c t e d , andthe dates of co l l e c t i on.(iii) A copy of the analyses of anybulk s a m p l e s , dates of analyses, and acopy of any other laboratory r epor t spertaining to the analyses.(iv) A descript ion of any response ac-tions or preventive measures taken toreduce asbestos exposure, i n c l u d i n g if

po s s i b l e , the names and addresses of allcontractors involved, start and comple-tion dates of the work, and results ofany air samples analyzed during andupon compl e t i on of the work.(v) A descr ipt ion of assessments, re-quired to be made under §763.88. of ma-terial that was i d e n t i f i e d b e fore De-cember 14, 1987, as f r i a b l e ACBM or f r i -able suspected ACBM assumed to beACM, and the name and signature.S t a t e of accreditation, and if a p p l i c a -ble, accreditation number of each ac-credited person making the assess-ments.(3) For each inspec t ion and reinspec-tion conducted under § 763.85:(i) The date of the inspec t ion or rein-spect ion and the name and signature.S t a t e of accreditation and, i f a p p l i c a -ble, the accredi tat ion number of eachaccredi t ed inspector p e r f o r m i n g the in-spec t i on or reinspection.(ii) A b l u e p r i n t , diagram, or writtendescr ipt ion of each school b u i l d i n g thati d e n t i f i e s c l ear ly each locat ion and ap-proximate square or linear f o o t a g e ofhomogeneous areas where material wassampled for ACM, the exact locat ionwhere each bulk sampl e was c o l l e c t e d ,date of c o l l e c t i on , homogeneous areaswhere f r i a b l e suspected A C B M is as-sumed to be ACM, and where n o n f r i a b l esuspec ted ACBM is assumed to be ACM.(iii) A d e s c r i p t i o n of the manner usedto determine s a m p l i n g l o ca t i on s , andthe name and signature of each accred-ited inspector c o l l e c t i n g s ampl e s , theS t a t e o f a c c r ed i ta t i on , and i f a p p l i c a -b l e , his or her ac cred i ta t i on number.(iv) A copy of the analyses of anybulk sampl e s c o l l e c t e d and ana lyzed ,the name and addres s of any labora t orythat analyzed bu lk s a m p l e s , a state-ment that the laboratory meets the ap-p l i c a b l e requirements of § 7 6 3 . 8 7 ( a ) thedate of analysi s , and the name and sig-nature of the person p e r f o r m i n g theanalysis.(v) A d e s c r i p t i o n of assessments, re-quired to be made under §763.88, of allACBM and suspec ted ACBM assumed tobe ACM, and the name, signature,S t a t e o f a c c r ed i ta t i on , and i f a p p l i c a -b l e , accredi ta t ion number of each ac-cred i t ed person making the assess-ments.(4) The name, addre s s , and t e l e p h o n enumber of the person des ignated under
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§763.84 to ensure that the duties of thelocal education agency are carried out,and the course name, and dates andhours of training taken by that personto carry out the duties.(5) The recommendations made to thelocal education agency regarding re-sponse actions, under §763 .88(d), thename, signature, S t a t e of accreditationof each person making the rec-ommendations, and if a p p l i c a b l e , his orher accreditation number.(6) A d e t a i l e d de s cr ipt ion of preven-tive measures and response actions tobe taken, including methods to be used,for any f r i a b l e A C B M , the locationswhere such measures and action will betaken, reasons for selecting the re-sponse action or preventive measure,and a schedule for beginning and com-p l e t i n g each preventive measure andresponse action.(7) W i t h respect to the person or per-sons who inspected for ACBM and whowill des ign or carry out response ac-tions, except for operations and main-tenance, with respect to the A C B M ,one of the f o l l o w i n g statements:(i) If the S t a t e has adop t ed a con-tractor accreditation program undersection 206(b) o f T i t l e II o f the A c t , astatement that the per son(s) is accred-ited under such plan.(ii) A statement that the local edu-cation agency used (or will use) personswho have been accredited by anotherSta t e which has adop t ed a contractoraccredi tat ion plan under section 206 (b)of T i t l e II of the Act or is accredited byan E P A - a p p r o v e d course under section206(c) o f T i t l e II o f the Act.(8) A d e t a i l e d d e s c r ip t i on in the f o r mof a b l u e p r i n t , d iagram, or in wri t ing ofany A C B M or suspected A C B M assumedto be ACM which remains in the schoolonce response actions are undertakenpursuant to §763.90. T h i s d e s c r ip t i onshall be updat ed as response actionsare c o m p l e t e d .(9) A plan for reinspection under§763.85. a p l a n for operations and main-tenance activities under §763.91, and aplan for per iodic surveillance under§763.92, a d e s c r ip t i on of the rec-ommendation made by the manage-ment p lanner r egarding add i t i ona lcleaning under § 763.91 (c) (2) as part ofan operations and maintenance pro-gram, and the response of the local

education agency to that recommenda-tion.
(10) A descript ion of s teps taken toinform workers and b u i l d i n g occu-pants, or their legal guardians, aboutinspections, reinspections, response ac-tions, and post-response action activi-ties, including periodic reinspectionand surveillance activities that areplanned or in progress.
(11) An evaluation of the resourcesneeded to complete response actionss u c c e s s f u l l y and carry out reinspec-tion, operations and maintenance ac-t iv i t i e s , periodic surveillance andtraining.
(12) W i t h respect to each consultantwho contributed to the managementp lan, the name of the consultant andone of the f o l l o w i n g statements:(i) If the S t a t e has a d o p t e d a con-tractor accreditation plan under sec-tion 206(b) of T i t l e II of the Act , astatement that the consultant is ac-credited under such plan.
(ii) A statement that the contractoris accredited by another S t a t e whichhas adopted a contractor accredi tat ionp l a n under section 206(b) o f T i t l e II o fthe A c t , or is accredited by an E P A - a p -proved course deve l oped under section206(c) o f T i t l e II o f t h e Act .
(f) A local education agency may re-quire each management p lan to con-tain a statement signed by an accred-ited management p l a n d ev e l op er thatsuch person has prepared or assisted inthe prepara t i on of such p l a n or has re-viewed such p l a n , and that such p l a n isin compl iance with th i s subpart E.Such statement may not be signed by aperson who. in a d d i t i o n to p r e p a r i n g orassi s t ing in p r e p a r i n g the managementp l a n , also impl ement s (or w i l l i m p l e -ment) the management p lan.
(g)(l) U p o n submission of a manage-ment p l a n to the Governor for review,a local education agency shall keep acopy of the p lan in its admin i s t ra t iv eo f f i c e . The management p lans shall bea v a i l a b l e , without cost or res trict ion,for inspect ion by representatives ofEPA and the S t a t e , the p u b l i c , inc lud-ing teachers, other school personneland their representat ives , and parents.The local education agency may chargea reasonable cost to make copies ofmanagement p lans .
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(2) Each local education agency shallmaintain in its administrative o f f i c e ac ompl e t e , updat ed copy of a manage-ment p lan for each school under its ad-ministrative control or direction. Themanagement plans shall be available ,during normal business hours, withoutcost or restriction, for inspection byrepresentatives of EPA and the S t a t e ,the pub l i c , including teachers, otherschool personnel and their representa-tives, and parents. The local educationagency may charge a reasonable costto make copies of management plans.(3) Each school shall maintain in itsadministrative o f f i c e a c o m p l e t e , up-dated copy of the management p l a n forthat school. Management plans shall beavai lab l e for in spec t i on, without costor restrict ion, to workers b e f o r e workbegins in any area of a school bui ld ing.The school shall make managementp lan s avai lab l e for in spec t ion to rep-resentatives of EPA and the S t a t e , thep u b l i c , i n c l u d i n g parent s , teachers, andother school personnel and their rep-resentatives within 5 working daysa f t e r receiving a request for inspec t ion.The school may charge a reasonablecost to make copie s of the manage-ment plan.(4) U p o n submission of its manage-ment p lan to the Governor and at leastonce each school year, the local edu-cation agency shall n o t i f y in writingparent , teacher, and employee organi-zations of the ava i lab i l i ty of manage-ment p lan s and shal l in c lude in themanagement p l a n a d e s c r i p t i o n of thes t e p s taken to n o t i f y such organiza-t ions, and a da t ed copy of the n o t i f i c a -tion. In the absence of any such organi-zations for parents, teachers, or em-p l o y e e s , the local education agencyshall prov ide written notice to that rel-evant group of the a v a i l a b i l i t y of man-agement p l a n s and sha l l inc lude in themanagement plan a description of thes teps taken to n o t i f y such groups, anda dated copy of the n o t i f i c a t i o n .(h) Records required under §763.94shall be made by local education agen-cies and maintained as part of themanagement plan.(i) Each management p lan must con-tain a true and correct statement,signed by the individual des ignated bythe local education agency under§763.84, which c e r t i f i e s that the gen-

eral, local education agency respon-s i b i l i t i e s , as s t i p u l a t e d by §763.84, havebeen met or will be met.
§763.94 Recordkeeping.

(a) Records required under this sec-tion shall be maintained in a central-ized location in the administrative of-f i c e of both the school and the localeducation agency as part of the man-agement plan. For each homogeneousarea where all ACBM has been re-moved, the local education agencyshall ensure that such records are re-tained for 3 years a f t e r the next rein-spect ion required under § 763.85 (b)(l), orfor an equivalent per iod .(b) For each preventive measure andresponse action taken for f r i a b l e andnonfr iab l e ACBM and f r i a b l e and non-f r i a b l e suspected ACBM assumed to beA C M , the local education agency shal lprovide:(1)' A d e t a i l e d written d e s c r i p t i o n o fthe measure or action, including meth-ods used, the l o ca t ion where the meas-ure or action was taken, reasons for se-l e c t ing the measure or action, startand completion dates of the work,names and addres se s of all contractorsinvolved, and i f a p p l i c a b l e , their S t a t eof accredi tat ion, and a c c r ed i ta t i onnumbers, and if ACBM is removed, thename and locat ion of s torage or dis-posal site o f the A C M .(2) The name and s ignature of anyperson c o l l e c t i n g any air s a m p l e re-quired to be c o l l e c t e d at the c ompl e -tion of certain response actions speci-f i e d by § 7 6 3 . 9 0 ( i ) , the l o c a t i o n s wheres a m p l e s were c o l l e c t e d , da t e o f c o l l e c -tion, the name and addres s of the lab-oratory analyzing the s ampl e s , thedate of analysi s , the result s of theanalysi s , the method of analys i s , thename and s ignature of the person per-f o r m i n g the analysi s , and a s tatementthat the laboratory meets the a p p l i c a -b l e requirements o f § 7 6 3 . 9 0 ( 1 ) ( 2 ) ( i i ) .(c) For each person required to be
trained under § 7 6 3 . 9 2 ( a ) (1) and ( 2 ) , th elocal education agency shal l providethe p e r s o n ' s name and job t i t l e , th edate that training was c o m p l e t e d bythat person, the l o c a t i o n of the train-ing, and the number of hours com-p l e t e d in such training.(d) For each time that p e r i o d i c sur-vei l lance under § 7 6 3 . 9 2 ( b ) i s p e r f o r m e d .
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the local education agency shall recordthe name of each person p er f o rmingthe surveillance, the date of the sur-veillance, and any changes in the con-dit ions of the materials.(e) For each time that cleaning under§ 763.91 (c) is p e r f o r m e d , the local edu-cation agency shall record the name ofeach person per f orming the cleaning,the date of such cleaning, the locationscleaned, and the methods used to per-form such cleaning.(f) For each time that operations andmaintenance activities under § 763.91 (d)are p e r f o r m e d , the local educationagency shall record the name of eachperson p e r f o r m i n g the activity, thestart and comple t ion dates of the ac-t iv i ty , the locations where such activ-ity occurred, a d e s c r ip t i on of the activ-ity including preventive measuresused, and if ACBM is removed, thename and locat ion of storage or dis-posal site of the ACM.(g) For each time that major asbestosactivity under §763.91 (e) is p e r f o r m e d ,the local education agency shall pro-vide the name and signature, S t a t e ofaccreditation, and if app l i cab l e , the ac-creditation number of each person per-f o r m i n g the ac t iv i ty, the start andcomple t ion dates of the activity, thelocat ions where such activity occurred,a de s c r ip t i on of the activity inc ludingpreventive measures used, and if ACBMis removed, the name and locat ion ofstorage or d i spo sa l site of the ACM.(h) For each f i b e r release ep i sodeunder § 7 6 3 . 9 1 ( f ) . the local educationagency shall provide the date and loca-tion of the ep i s od e , the method of re-pair, preventive measures or responseaction taken, the name of each personp e r f o r m i n g the work, and if ACBM isremoved, the name and location ofstorage or d i spo sa l site of the ACM.
( A p p r o v e d by the O f f i c e of Management andBudget under control number 2070-0091)
§763.95 Warning labels.

(a) The local education agency shallattach a warning label immedia t e ly ad-jacent to any f r i a b l e and nonfr iab l eACBM and suspected ACBM assumed tobe ACM located in routine mainte-nance areas (such as boiler rooms) ateach school b u i l d i n g . Thi s shall in-clude:

(1) F r i a b l e ACBM that was respondedto by a means other than removal.
(2) ACBM for which no response ac-tion was carried out.
(b) All labe l s shall be prominentlydisplayed in readily visible locationsand shall remain posted until theACBM that is labeled is removed.(c) The warning label shall read, inprint which is readily vi s ib le becauseof large size or bright color, as f o l l o w s :

C A U T I O N : A S B E S T O S . H A Z A R D O U S .DO NOT D I S T U R B WITHOUT PROPERT R A I N I N G A N D E Q U I P M E N T .
§763.97 Compliance and enforcement.

(a) Compliance with Title II of the Act.(1) Sect ion 207(a) of T i t l e H of the Act(15 U . S . C . 2647) makes it u n l a w f u l forany local education agency to:(i) F a i l to conduct inspections pursu-ant to section 203(b) of T i t l e II of theAct, including f a i l u r e to f o l l o w proce-dures and fa i lur e to use accredited per-sonnel and laboratories.(i i) Knowing ly submit f a l s e informa-tion to the Governor regarding any in-spection pursuant to regulat ions undersection 203(i) of T i t l e II of the Act .
(iii) F a i l to d e v e l o p a managementplan pursuant to regulations under sec-tion 203 (i) of T i t l e II of the Act.(2) S e c t i o n 207 (a) of T i t l e II of theAct (15 U . S . C . 2647) also provide s thatany local education agency which vio-lates any provision of section 207 shal lbe l i a b l e for a civil p e n a l t y of not morethan $5,000 for each day during whichthe violation continues. For the pur-poses of this subpart , a "violation"means a f a i l u r e to c o m p l y with respectto a s ingle school b u i l d i n g .
(b) Compliance with Title I of the Act.(1) S e c t i o n 15(1)(D) of T i t l e I o f the Act

(15 U . S . C . 2614) makes it u n l a w f u l forany person to f a i l or re fuse to complywith any requirement of T i t l e II or anyrule promulgated or order issued underT i t l e II. T h e r e f o r e , any person who vio-lates any requirement of this subpartis in violation of section 15 of T i t l e I ofthe Act.
(2) Sec t ion 15(3) of T i t l e I of the Act(15 U . S . C . 2614) makes it un lawfu l forany person to fa i l or refuse to e s tabl i shor maintain records, submit reports,notices or other in f ormat i on , or permit
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access to or copying of records, as re-quired by this Act or a rule thereunder.

(3) S e c t i o n 1 5 ( 4 ) (15 U . S . C . 2614) ofT i t l e I of the Act makes it unlawfu l forany person to f a i l or re fu s e to permitentry or inspection as required by sec-tion 11 of T i t l e I of the Act.
(4) Section 16(a) of T i t l e I of the Act(15 U . S . C . 2 6 1 5 ) provides that any per-son who violates any provision of sec-tion 15 of T i t l e I of the Act shall be lia-ble to the United States for a civil pen-alty in an amount not to exceed $25,000for each such violation. Each day sucha vio la t ion continues s h a l l , for pur-poses of this paragraph, constitute aseparate violat ion of section 15. A localeducation agency is not l i a b l e for anycivil p e n a l t y under T i t l e I of the Actfor f a i l i n g or r e fu s ing to comply withany rule p r o m u l g a t e d or order issuedunder T i t l e II o f the Act .
(c) Criminal penalties. If any violat ioncommitted by any person (including alocal education agency) is knowing orw i l l f u l , criminal p e n a l t i e s may be as-sessed under section 1 6 ( b ) of T i t l e I ofthe Act.
(d) Injunctive relief. The Agency mayobtain in junc t ive r e l i e f under section208 (b) of T i t l e II of the Act to respondto a hazard which poses an imminentand substantial endangerment tohuman heal th or the environment orsection 17 (15 U . S . C . 2616) of T i t l e I ofthe Act to restrain any violation ofsection 15 of T i t l e I of the Act or tocompel the tak ing of any action re-quired by or under T i t l e I of the Act.
(e) Citizen complaints. Any citizen whowishes to f i l e a c o m p l a i n t pursuant tosection 207 (d) of T i t l e II of the Actshould direct the c ompla in t to the Gov-ernor of the S t a t e or the EPA AsbestosOmbudsman, 401 M S t r e e t , S W . , Wash-ington, DC 20460. The ci t izen complaintshould be in writing and i d e n t i f i e d as acitizen complaint pursuant to section207(d) o f T i t l e I I o f T S C A . T h e E P A A s -bestos Ombudsman or the Governorshall investigate and respond to thecomplaint within a reasonable periodof time if the a l l e g a t i o n s prov ide a rea-sonable basis to believe that a viola-tion of the Act has occurred.
(f) Inspections. EPA may conduct in-spec t ions and review managementp l a n s under section 11 of T i t l e I of the

Act (15 U . S . C . 2610) to ensure compl i-ance.
§ 763.98 Waiver; de legat ion to S t a t e .

(a) General. (1) U p o n request f r o m aS t a t e Governor and a f t e r notice andcomment and an o p p o r t u n i t y for a pub-lic hearing in accordance with para-graphs (b) and (c) of this section, EPAmay waive some or all of the require-ments of this subpart E if the S t a t e hasestablished and is implementing or in-tends to implement a program of asbes-tos inspect ion and management thatcontains requirements that are at leastas stringent as the requirements of thissubpart E.
(2) A waiver from any requirement ofthis subpart E shall a p p l y only to thes p e c i f i c provision for which a waiverhas been granted under this section.All requirements of this subpart Eshall a p p l y until a waiver is grantedunder this section.
(b) Request. Each request by a Gov-ernor to waive any requirement of thissubpart E shall be sent with three com-pl e t e copies of the request to the Re-gional A d m i n i s t r a t o r for the EPA Re-gion in which the S t a t e is located andshall include:
(1) A copy of the S t a t e provisions orpropos ed provisions r e la t ing to its pro-gram of asbestos i n s p e c t i o n and man-agement in schools for which the re-quest is made.
(2)(i) The name of the S t a t e agencythat is or will be r e spons ib l e for admin-i s t er ing and e n f o r c i n g the require-ments for which a waiver is requested,the names and job t i t l e s of r e s p o n s i b l eo f f i c i a l s in that agency, and phonenumbers where the o f f i c i a l s can be con-tacted.
(ii) In the event that more than oneagency is or w i l l be r e s p o n s i b l e for ad-mini s t er ing and e n f o r c i n g the require-ments for which a waiver is requested,a d e s c r i p t i o n of the f u n c t i o n s to be per-f ormed by each agency, how the pro-gram will be coordinated by the leadagency to ensure consistency and e f f e c -tive admini s t ra t i on in the asbestos in-spec t ion and management programwithin the S t a t e , the names and job ti-tles of responsible o f f i c i a l s in the agen-cies, and phone numbers where the o f f i -cials can be contacted. The lead agency
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will serve as the central contact pointfor the EPA.(3) Detailed reasons, suppor t ing pa-pers, and the rationale for concludingthat th e Sta t e ' s asbestos inspectionand management program provisionsfor which the request is made are atleast as stringent as the requirementsof this subpart E.(4) A discussion of any special situa-tions, problems, and needs pertainingto the waiver request accompanied byan explanation of how the Sta t e in-tends to handle them.(5) A statement of the resources thatthe Sta t e intends to devote to the ad-ministration and enforcement of theprovisions r e la t ing to the waiver re-
quest.(6) C o p i e s of any s p e c i f i c or enablingS t a t e laws (enacted and pending enact-ment) and regulations (promulgat edand p end ing promulga t i on) relat ing tothe request, including provisions forassessing criminal and/or civil pen-alties.(7) Assurance f rom the Governor, theAttorney General, or the legal counselof the lead agency that the lead agencyor other coopera t ing agencies have thelegal authori ty necessary to carry outthe requirements re lat ing to the re-quest.(c) General notice—hearing. (1) With in30 days a f t e r receipt of a request for awaiver, EPA will determine the com-pl e t en e s s of the request. If EPA doesnot request f u r t h e r in format ion withinthe 30-day p e r i o d , the request wi l l bedeemed c o m p l e t e .(2) W i t h i n 30 days a f t e r EPA deter-mines that a request is c o m p l e t e , EPAwill issue for p u b l i c a t i o n in the FED-ERAL REGISTER a notice that announcesreceipt of the request, describes the in-format ion submitted under paragraph(b) of this section, and s o l i c i t s writtencomment f r o m interested members ofthe pub l i c . Comments must be sub-mitted within 60 days.(3) If, during the comment period.EPA receives a written ob j e c t i on to aG o v e r n o r ' s request and a request for ap u b l i c hearing d e t a i l i n g s p e c i f i c objec-tions to the granting of a waiver, EPAwill s chedule a pub l i c hearing to beheld in the a f f e c t e d Sta t e a f t e r theclose of the comment period and wi l lannounce the p u b l i c hearing date in

the FEDERAL REGISTER be fore the dateof the hearing. Each comment shall in-c lude the name and address of the per-son submitting the comment.(d) Criteria. EPA may waive some orall of the requirements of subpart E ofthis part if:(1) The State' s lead agency and othercooperating agencies have the legal au-thority necessary to carry out the pro-visions of asbestos inspection and man-agement in schools relating to thewaiver request.(2) The Stat e ' s program of asbestosinspection and management in schoolsrelating to the waiver request and im-plementat ion of the program are orwill be at least as stringent as the re-quirements of this subpart E.(3) The S t a t e has an enforcementmechanism to al low it to implementthe program described in the waiver re-quest.(4) The lead agency and any cooper-ating agencies have or will have quali-f i e d personnel to carry out the provi-sions relating to the waiver request.(5) The S t a t e wi l l devote adequate re-sources to the admini s trat ion and en-forcement of the asbestos inspectionand management provisions relating tothe waiver request.(6) When s p e c i f i e d by EPA, the S t a t egives sa t i s fa c t ory assurances that nec-essary s t ep s , in c lud ing s p e c i f i c actionsit propose s to take and a time s chedu l efor their a c compl i shment , w i l l betaken within a reasonable time to con-f o r m with a p p l i c a b l e cri teria underparagraphs (d) (2) through (4) o f thissection.(e) Decision. EPA wi l l issue for p u b l i -cation in the FEDERAL REGISTER a no-tice announcing its dec i s ion to grant ordeny, in whole or in par t , a G o v e r n o r ' srequest for a waiver f r o m some or all ofthe requirements of this subpart Ewithin 30 days a f t e r the close of thecomment period or within 30 days f o l -lowing a p u b l i c hearing, whichever isa p p l i c a b l e . The notice w i l l inc lude theA g e n c y ' s reasons and rationale f orgranting or denying the G o v e r n o r ' s re-quest. The 30-day period may be ex-tended if mutual ly agreed upon by EPAand the S t a t e .(f) Modifications. When any substan-tial change is made in the adminis tra-tion or enforcement of a S t a t e program
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for which a waiver was granted underthis section, a responsible o f f i c i a l inthe lead agency shall submit suchchanges to EPA.

(g) Reports. The lead agency in eachStat e that has been granted a waiverby EPA f r o m any requirement of sub-part E of this part shall submit a re-port to the Regional Admini s t ra tor forthe Region in which the S t a t e is lo-cated at least once every 12 months toinclude the f o l l o w i n g information:
(1) A summary o f th e Sta t e ' s imple-mentation and enforcement act ivit ie sduring the last reporting period relat-ing to provisions waived under this sec-tion, inc luding enforcement actionstaken.
(2) Any changes in the adminis tra-tion or enforcement of the S t a t e pro-gram implemented during the last re-p o r t i n g per iod.
(3) Other reports as may be requiredby EPA to carry out e f f e c t i v e oversightof any requirement of this subpart Ethat was waived under this section.
(h) Oversight. EPA may p e r i o d i c a l l yevaluate the adequacy of a State's im-p l e m e n t a t i o n and enforcement of andresources devoted to carrying out re-quirements r e la t ing to the waiver. T h i sevaluation may inc lude , but is not lim-i ted to, site vi s i t s to local educationagencies without prior notice to theState .
(i) Informal conference. (1) EPA mayrequest that an informal conference beheld between a p p r o p r i a t e S t a t e andEPA o f f i c i a l s when EPA has reason tobelieve that a S t a t e has f a i l e d to:
(i) S u b s t a n t i a l l y c omply with theterms of any provis ion that was waivedunder this section.
(ii) Meet the criteria under paragraph(d) of this section, i n c l u d i n g the f a i l u r eto carry out enforcement act ivi t ie s oract on v io la t ions of the S t a t e program.
(2) EPA w i l l :
(i) S p e c i f y t o th e S t a t e those aspect sof the State' s program believed to beinadequate.
(i i) S p e c i f y t o the S t a t e the f a c t sthat underl ie the b e l i e f of inadequacy.
(3) If EPA f i n d s , on the basis of infor-mation submitted by the S t a t e at theconference, that d e f i c i e n c i e s did notexist or were corrected by the S t a t e , nof u r t h e r action is required.

(4) Where EPA f i n d s that de f i c i encie sin the S t a t e program exist, a p lan tocorrect the d e f i c i e n c i e s shall be nego-tiated between the S t a t e and EPA. Theplan shall detail the d e f i c i en c i e s f o u n din the S t a t e program, s p e c i f y the s t ep sthe S t a t e has taken or will take toremedy the d e f i c i e n c i e s , and e s tab l i sha schedule for each remedial action tobe ini t ia t ed .
( j ) Rescission. ( 1 ) I f t h e S t a t e f a i l s t omeet with EPA or f a i l s to correct d e f i -ciencies raised at the informal con-ference, EPA will d e l i v e r to the Gov-ernor of the S t a t e and a responsible of-f i c i a l in the lead agency a written no-tice of its intent to rescind, in whole orpar t , the waiver.
(2) EPA will issue for pub l i ca t i on inthe FEDERAL REGISTER a notice thatannounces the rescission of the waiver,describes those aspects o f t h e Sta t e ' sprogram determined to be inadequate,and s p e c i f i e s the f a c t s that under l i ethe f i n d i n g s of inadequacy.

§763.99 Exclusions.
(a) A local educat ion agency sha l lnot be required to p e r f o r m an inspec-tion under § 7 6 3 . 8 5 ( a ) in any s a m p l i n garea as d e f in ed in 40 CFR 763.103 or ho-mogeneous area of a school b u i l d i n gwhere:
(1) An accredi ted i n s p e c t o r has deter-mined that, based on s a m p l i n g records,

f r i a b l e ACBM was i d e n t i f i e d in that ho-mogeneous or s a m p l i n g area dur ing aninspect ion conducted b e f o r e December14, 1987. The inspec tor shall sign anddat e a statement to that e f f e c t with hisor her S t a t e of a c c r e d i t a t i o n and if ap-p l i c a b l e , accreditation number and,within 30 days a f t e r such determina-tion, submit a copy of the statement to
the person de s ignated under §763.84 for
inclus ion in the management p lan.However, an accredi ted in sp e c t o r shall
assess the f r i a b l e ACBM under §763.88.

(2) An accredited inspec tor has deter-mined that, based on s a m p l i n g records,n o n f r i a b l e ACBM was i d e n t i f i e d in thathomogeneous or s a m p l i n g area d u r i n gan inspection conducted be fore Decem-ber 14, 1987. The inspec tor shal l s ignand date a statement to that e f f e c twith his or her S t a t e of a c cr ed i ta t i onand if a p p l i c a b l e , accredi tat ion number
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Sinai School of Medicine of the City Univer-sity of New York, New York. New York.19. A. M. Langer, M. S. W o l f f , A. N. Rohl,and I. J. S e l i k o f f . Variation o f properties o fchrysotile asbestos subjec ted to mi l l ing , J.Toxicol and Environ. Health, 4.-173-188, 1978.20. A. M. Langer, A. D. Mackler, and F. D.Pooley. Electron microscopical investigationof asbestos f ibers . Environ, Health Perspect.,ff.63-80, 1974.21. E. Occella and G. M a d d a l o n , X-ray dif-fract ion characteristics of some types of as-bestos in relation to d i f f e r e n t techniques ofcomminution, Med. Lavoro, .»(10):628-636,1963.22. K. R. S p u r n y , W. Stober , H. Opiela. andand G. Weis s . On the problem of m i l l i n g andultrasonic treatment of asbestos and glass fi-bers in biological and analytical app l i ca-tions. Am. Ind. Hyg. Assoc. J., 41:198-203, 1980.23. L. G. Berry and B. Mason, Mineralogy.San Francisco: W. H. Greeman & Co.. 1959.24. J. P. S c h e l z , The detection of chrysotileasbestos at low levels in talc by d i f f e r e n t i a lthermal analysis, Thermochimica Acta, S:197-
204. 1974.25. Reference 1, pp. 372-374.26. J. Leroux. Staub-Reinhalt Lufi, 29:26( E n g l i s h ) . 1969.27. J. A. Leroux, B. C. Davey, and A.P a i l l a r d , Am. Ind. Hyg. Assoc. J., 34:409, 1973.
[47 FR 23369. May 27. 1982; 47 FR 38535. S e p t .1, 1982: Redesignated at 60 FR 31922. June 19,
1995]

S u b p a r t f [Reserved]
S u b p a r t G — A s b e s t o s AbatementProjec t s

S O U R C E : 52 FR 5623. Feb. 25, 1987, unlessotherwise noted.
§763.120 S c o p e

(a) T h i s part e s tabl i she s require-ments which must be f o l l o w e d duringasbestos abatement p r o j e c t s by em-ployer s of S t a t e and local governmentemployee s not covered by the Asbes tosStandard of the Occupational S a f e t yand H e a l t h Admini s t ra t i on (OSHA), 29CFR 1926.58, an Asbestos Standarda d o p t e d by a S t a t e as part of a S t a t ep lan approved by OSHA under section18 of the Occupational S a f e t y andH e a l t h Act, or a S t a t e asbestos regula-tion which EPA has determined to becomparab l e to or more stringent than-this part. The rule covers those em-ployee s who take part in asbestosabatement work.(b) [Reserved]

§ 763.121 Regulatory requirements.
(a) [Reserved](b) Definitions. Action level means anairborne concentration of asbestos of0.1 f i b e r per cubic centimeter (f/cc) ofair calculated as an 8-hour time-weighted average.
Administrator means the Adminis-trator, U.S. Environmental ProtectionAgency, or designee.
Asbestos means the asbe s t i form vari-eties of chrysotile (serpentine): crocid-olite (riebeckite); amosite(cummingtoni t e—gruner i t e); tremol i t e;anthophyl l i t e , and actinolite.Asbestos abatement project means anyactivity involving the removal, enclo-sure, or encapsulat ion of f r i a b l e asbes-tos material.Authorized person means any personauthorized by the employer and re-quired by work duties to be present inregulated areas.
Clean room means an uncontaminatedroom having f a c i l i t i e s for the storageof employees ' street c lo th ing anduncontaminated material s and equip-ment.
Competent person means one who iscapable of i d e n t i f y i n g ex i s t ing asbestoshazards in the workplace and who hasthe authority to take p r o m p t correc-tive measures to e l imina t e them. Thedut i e s of the compe t ent person i n c l u d eat least the f o l l o w i n g : E s t a b l i s h i n g thenegative-pressure enclosure, ensuringits integri ty, and c o n t r o l l i n g entry toand exit f r o m the enclosure; super-vising any employee exposure moni-toring required by this subpar t , ensur-ing that all employee s working withinsuch an enclosure wear the a p p r o p r i a t epersonal protec t ive equ ipment , aretrained in the use of a p p r o p r i a t e meth-ods of exposure contro l , and use the hy-giene f a c i l i t i e s and decontaminat ionprocedures s p e c i f i e d in this s ubpar t;and ensuring that engineering control sin use are in proper opera t ing condi-tion and are f u n c t i o n i n g p r o p e r l y .Decontamination area means an en-closed area adjacent and connected tothe regulated area and consisting of anequipment room, shower area, andclean room, which is used for the de-contamination of workers, material s ,and equipment contaminated with as-bestos.
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Yes or No

P n e u m o n i a
T u b e r c u l o s i s
C h e s t S u r g e r y
Other Lung P r o b l e m s
H e a r t Disease
Do you have:
F r e q u e n t c o l d s
C h r o n i c cough
S h o r t n e s s o£ br ea thwhen w a l k i n g orc l i m b i n g o n e f l i g h t o fs t a i r s
Do you:
U h e e z e
Couqh u p p h l e g m
Smoke c i g a r e t t e s

f u r t h e r Comment on P o s i t i v eAnswer s

Packs per day _ How nany years __

Date S i g n a t u r e

APPENDIX E TO §763.121—I N T E R P R E T A T I O N A N D C L A S S I F I C A -T I O N O F C H E S T R O E N T G E N O G R A M S —M A N D A T O R Y
(a) Chest roentgenograms shall be Inter-

preted and c l a s s i f i e d in accordance with ap r o f e s s i o n a l l y accepted c l a s s i f i c a t i o n systemand recorded on an in t erpre ta t ion form f o l -
lowing the f ormat of the CDC/NIOSH (M) 2.8form. As a minimum, the content within thebo ld l ine s of this form (items 1 through 4)shall be I n c l u d e d . T h i s f orm is not to be sub-
mitted t o N I O S H .(b) Roentgenograms sha l l be interpretedand c l a s s i f i e d only by a B-reader. a board el i-
g i b l e / c e r t i f i e d r a d i o l o g i s t , or an experiencedphysician with known expertise inpneumoconioses.

(c) All interpre ter s , whenever I n t e r p r e t i n g
chest roentgenograms made under this sec-t ion, shal l have immediately available forreference a c o m p l e t e set of the I L O - U / CInternational C l a s s i f i c a t i o n of Radiographs
for Pneumoconioses. 1980.
[52 FR 5623. F e b . 25. 1987; 52 FR 10817. Mar. 30.
1987; 53 FR 1022, J a n . 15. 1988!

§763.122 Exclusions for S t a t e s .
( a ) T h e S t a t e s o f I d a h o , K a n s a s ,

Oklahoma, and W i s c o n s i n have 6months or such other reasonable timeas suggested by the par t i cu lar S t a t eand approved by the Direc tor of the Of-f i c e o f P o l l u t i o n Prevention and T o x i c s
to make their r e g u l a t i o n s c omparab l eto or more s tringent than this p a r t ,
and to submit their r e g u l a t i o n s to
E P A ' s O f f i c e o f P o l l u t i o n Preventionand T o x i c s for review. If in such rea-sonable time a f t e r March 27, 1987, any
of these S t a t e s have not so revisedtheir regulations and submit t ed them
to E P A . State and local governmentemployee s in such S t a t e s s ha l l be cov-ered by the requirements of thi s part .(b) Any other S t a t e that wishes to be
e x c luded f r o m this rule shal l send a
copy of a r e g u l a t i o n which it cons idersto be c omparab l e to or more s tr ingent
than this part t o E P A ' s O f f i c e o f P o l l u -t ion Prevention and T o x i c s for review.EPA wil l review the r egula t ion and
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t entat ive ly determine whether the reg-ulation is comparable to or more strin-gent than this part. If EPA makes aposi t ive tentative determination, EPAwill propose an amendment to this ruleexcluding that S t a t e f r om coverage. In-terested persons may comment on theproposed exclusion during the periodfor pub l i c comment. A f t e r considering
any comments, EPA may promulga t ethe f inal amendment to the rule.
§763.124 Reporting.

(a) Employer s subject to this rulemust report to the Regional AsbestosCoordinator for the EPA Region inwhich the asbestos abatement p r o j e c tis located at least 10 days be fore theybegin any asbestos abatement p r o j e c t ,except one that involves less than ei-ther 3 linear f e e t or 3 square f e e t of fri-able asbestos material, and an emer-gency p r o j e c t . Employers must reportany emergency p r o j e c t covered by thisrule as soon as p o s s i b l e but in no casemore than 48 hours a f t e r the p r o j e c tbegins. A l i s t of the EPA Regional Of-f i c e s is given under § 1 . 7 ( b ) of this chap-ter.
(b) The report must include:
(1) The e m p l o y e r ' s name and address.
(2) The locat ion, including street ad-dress, of the asbestos abatementp r o j e c t .
(3) The s ch edu l ed starting and com-p l e t i o n dates for the asbestos abate-ment p r o j e c t .
(c) If a report is mailed to EPA, thereport must be postmarked at least 10days before the asbestos abatementp r o j e c t begins unless the report is foran emergency p r o j e c t . In such a case,the report must be postmarked as soonas po s s i b l e but in no case more than 48hours a f t e r the p r o j e c t begins.
(d) Employers do not have to reportunder this section if they submit a no-tice to EPA under the National Emis-sion S t a n d a r d for Asbestos. §61.146 ofthis chapter, at least 10 days b e f o r ethey begin the asbestos abatementp r o j e c t and that notice c learly indi-cates that employees covered by thisrule wi l l p er form some or all of the as-bestos abatement work.

[47 FR 23369, May 27, 1982, as amended at 58
FR 34205, J u n e 23, 1993]

§ 763.125 Enforcement.
(a) Fai lur e to comply with any provi-sion of this part is a violation of sec-tion 15 of the Act (15 U . S . C . 2614).(b) Fai lur e or refusal to establish andmaintain records or to permit access toor copying of records, as required bythe Act, is a violation of section 15 ofthe Act (15 U.S.C. 2614).(c) Fai lur e or refusal to permit entryor inspection as required by section 11of the Act (15 U . S . C . 2610) is a v io la t ionof section 15 of the Act (15 U . S . C . 2614).(d) V i o l a t o r s may be subjec t to thecivil and criminal penal t i e s in section16 of the Act (15 U . S . C . 2615) for eachviolation.(e) EPA may seek to en jo in an asbes-tos abatement p r o j e c t in violat ion ofthis part, or take other actions underthe authority of section 7 or 17 of theAct (15 U . S . C . 2606 or 2616).

§ 763.126 Inspect ions.
EPA will conduct inspec t ions undersection 11 of the Act (15 U . S . C . 2610) toensure compliance with this part.

S u b p a r t H [Reserved]
S u b p a r t I — P r o h i b i t i o n o f the Man-ufac ture , I m p o r t a t i o n , Proc-essing, and Distribution inCommerce of Certain Asbes-t o s - C o n t a i n i n g Product s; La-b e l i n g Requirements

SOURCE: 54 FR 29507. J u l y 12. 1989, unlessotherwise noted.
§763.160 Scope .

This subpart p r o h i b i t s the manufac-ture, importa t ion, proce s s ing, and dis-t r ibu t ion in commerce of the asbestos-containing produc t s i d e n t i f i e d and atthe dates indicated in § § 7 6 3 . 1 6 5 , 763.167,and 763.169. T h i s subpart requires thatproduc t s sub j e c t t o this r u l e ' s bans,but not yet sub j e c t to a ban on dis-tribution in commerce, be l a b e l e d . T h i ssubpart also includes- general exemp-tions and procedures for requesting ex-emptions f rom the provisions of thissubpart.
§763.163 Definitions.

For purpose s of this subpart:
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Act means the T o x i c Substances Con-trol Act, 15 U . S . C . 2601 etseg.Agency means the United Sta t e s En-vironmental Protection Agency.
Asbestos means the a sbe s t i form vari-eties of: chrysotile (serpentine); crocid-o l i t e (r i e b e ck i t e); amosite(cummingtonite-grunerite); tremol i t e;a n t h o p h y l l i t e ; and actinolite.Asbestos-containing product means anyproduct to which asbestos is del ib-erat e ly added in any concentration orwhich contains more than 1.0 percentasbestos by weight or area.Chemical substance, has the samemeaning as in section 3 of the Act.
Commerce has the same meaning as insection 3 of the Act.Commercial paper means an asbestos-containing produc t which is made ofp a p e r intended for use as general insu-lat ion paper or m u f f l e r paper . M a j o ra p p l i c a t i o n s of commercial papers arein su la t ion against f i r e , heat trans f er ,and corrosion in circumstances that re-quire a thin, but durab l e , barrier.Corrugated paper means an asbestos-containing produc t made of corrugatedp a p e r , which is o f t e n cemented to a f l a tbacking, may be laminated with f o i l sor other materials, and has a cor-rugated surface. M a j o r a p p l i c a t i o n s o fasbestos corrugated paper include:thermal insulation for p i p e coverings;block insula t ion; panel insulation inelevators; insulation in appliances; andinsulat ion in low-pressure steam, hotwater, and process lines.Customs territory of the United Statesmeans the 50 S t a t e s , Puerto Rico, andthe Distr ic t of Columbia.Distribute in commerce has the samemeaning as in section 3 of the Act, butthe term does not include actionstaken with respect to an asbestos-con-taining product (to s e l l , resale, de l iver ,or h o l d ) in connection with the end useof the product by persons who are users(persons who use the product for its in-tended purpo s e a f t e r it is manufacturedor proce s s ed). The term also does notinc lude d i s t r i bu t i on by manufac turer s ,importers, and processors, and otherpersons s o l e l y f or purpo s e s o f d i s p o s a lof an asbestos-containing produc t .Flooring felt means an asbestos-con-taining product which is made of p a p e rf e l t intended for use as an underlayer

for f l o o r coverings, or to be bonded tothe underside of vinyl sheet f l o o r i n g .Import means to bring into the cus-toms territory of the Uni t ed S t a t e s , ex-cept for: (1) Shipment through the cus-toms territory of the United State s forexport without any use, proce s s ing, ordisposal within the customs territoryof the United S t a t e s ; or (2) entering thecustoms territory of the United Sta t e sas a component of a produc t duringnormal personal or business ac t iv i t i e sinvolving use of the product .Importer means anyone who impor t s achemical substance, inc luding a chem-ical substance as part of a mixture orart ic le , into the customs territory ofthe United S t a t e s . Importer inc ludesthe person primarily l iab l e for the pay-ment of any dut ie s on the merchandiseor an authorized agent act ing on his orher b e h a l f . The term inc lude s as a p p r o -priate:
( 1 ) T h e consignee.
(2) The impor t er of record.
(3) The actual owner if an actual

o w n e r ' s dec larat ion and s u p e r s e d i n gbond has been f i l e d in accordance with
19 CFR 141.20.(4) The trans f eree , if the right to
withdraw merchandise in a bondedwarehouse has been t r a n s f e r r e d in ac-cordance with subpart C of 19 CFR part144.

Manufacture means to produce ormanufacture in the United Stat e s .Manufacturer means a person whoproduces or manufac ture s in theUnited S t a t e s .New uses of asbestos means commer-cial uses of asbestos not i d e n t i f i e d in§763.165 the manufac ture , i m p o r t a t i o nor proces s ing of which would be in i t i -
ated for the f i r s t time a f t e r Augus t 25,1989.Person means any natural person,f i r m , company, corpora t ion, j o in t-ven-ture, p a r t n e r s h i p , sole p r o p r i e t o r s h i p ,association, or any other business enti-ty; any S t a t e or p o l i t i c a l subdiv i s i ont h e r e o f , or any m u n i c i p a l i t y ; anyinters tate body and any d e p a r t m e n t ,agency, or in s trumental i ty of the Fed-eral Government.Process has the same meaning as insection 3 of the Act.Processor has the same meaning as insection 3 of the Act.
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Rollbaard means an asbestos-con-taining product made of paper that Isproduced in a continuous sheet, Isf l e x i b l e , and is rolled to achieve a de-sired thickness. Asbestos rollboardconsists of two sheets of asbestos paperlaminated together. M a j o r app l i ca t i on sof this product include: o f f i c e parti-t ioning; garage panel ing; linings forstoves and electric switch boxes; andf i r e - p r o o f i n g agent for security boxes,sa f e s , and f i l e s .Specialty paper means an asbestos-containing product that is made ofp a p e r intended for use as f i l t e r s forbeverages or other f l u i d s or as paperf i l l f or cool ing towers. C o o l i n g towerf i l l consists of asbestos paper that isused as a cool ing agent for l iqu id s f r omindustrial processes and air condi-tioning systems.State has the same meaning as in sec-tion 3 of the Act.Stock-on-hand means the produc t swhich are in the possession, direction,or control of a person and are intendedfor d i s t r ibu t ion in commerce.
United States has the same meaningas in section 3 of the Act.

[59 FR 33208, J u n e 28. 1994]
§763.165 Manufac ture and importationprohibitions.

(a) A f t e r Augus t 27. 1990, no personshall manufac ture or import the f o l -lowing asbestos-containing produc t s ,either for use In the Uni t ed S t a t e s or
for export: f l o o r i n g f e l t and new uses ofasbestos.(b) A f t e r Augus t 26, 1996, no personshall manufacture or import the f o l -lowing asbestos-containing produc t s ,either for use in the Uni t ed S t a t e s orfor export: commercial p a p e r , cor-rugated paper , ro l lboard. and spe c ia l typaper.(c) The import prohib i t i ons of thissubpart do not prohib i t:

(1) The import into the customs ter-ritory of the U n i t e d S t a t e s of produc t simported s o l e l y f or shipment outsidethe customs territory of the U n i t e dS t a t e s , unless f u r t h e r repackaging orprocessing of the produc t is p e r f o rmedin the Uni t ed S t a t e s ; or(2) Act iv i t i e s involving purchases oracquisitions of small quantities ofproduc t s made outside the customs ter-

ritory of the United S t a t e s for personaluse in the United State s .
[59 FR 33209. June 28. 1994]
§763.167 Processing prohibitions.

(a) A f t e r August 27. 1990, no personshall process for any use, either in theUnited State s or for export, any of theasbestos-containing produc t s l i s t ed at§763 .165(a).(b) A f t e r August 26, 1996, no personshall process for any use, either in theUnited State s or for export , any of theasbestos-containing product s l i s t ed at§ 7 6 3 . 1 6 5 ( b ) .
[59 FR 33209, June 28. 1994]
§763.169 Distribution in commerceprohibitions.

(a) A f t e r August 25, 1992, no personshall di s tribute in commerce, either foruse in the United S t a t e s or for expor t ,any of the asbestos-containing prod-ucts l i s t ed at § 7 6 3 . 1 6 5 ( a ) .(b) A f t e r August 25, 1997. no personshall dis tribute in commerce, either foruse in the United S t a t e s or for export ,any of the asbestos-containing prod-ucts l i s t ed at § 7 6 3 . 1 6 5 ( b ) .(c) A manufacturer, importer, proc-essor, or any other person who is sub-jec t to a ban on d i s t r i bu t i on in com-merce in paragraph (a) or (b) of thissection must, within 6 months of thee f f e c t i v e date of the ban of a s p e c i f i casbestos-containing produc t f r o m dis-tribution in commerce, d i s p o s e of alltheir remaining stock-on-hand of thatproduc t , by means that are in c o m p l i -ance with a p p l i c a b l e l o ca l . S t a t e , andF e d e r a l res trict ions which are currentat that time.
[59 FR 33209, J u n e 28. 1994]
§763.171 Label ing requirements.

(a) A f t e r August 27, 1990. manufactur-ers, importers , and processors of all as-bestos-containing produc t s that arei d e n t i f i e d in § 7 6 3 . 1 6 5 ( a ) shal l label theproduct s as s p e c i f i e d in th i s subpart atthe time of manufac ture , i m p o r t , orprocessing. T h i s requirement inc lude sl a b e l i n g a l l m a n u f a c t u r e r s ' , i m p o r t e r s ' ,and processors' stock-on-hand as of Au-gust 27, 1990.(b) A f t e r August 25. 1995, manufactur-ers, importers, and processors of all as-bestos-containing produc t s that are
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id en t i f i ed in § 7 6 3 . 1 6 S ( b ) , shall label theproduc t s as s p e c i f i e d in this subpart atthe time of manufacture, import, orprocessing. This requirement includesl a b e l i n g a l l m a n u f a c t u r e r s ' , i m p o r t e r s ' ,and processors' stock-on-hand as of Au-
gust 25, 1995.(c) The label shall be placed directlyon the visible exterior of the wrappingsand p a c k a g i n g in which the product isp laced for sale, shipment, or storage. Ifthe product has more than one layer ofexternal wrapp ing or packaging, thelabel must be attached to the inner-most layer adjacent to the product. Ifthe innermost layer of product wrap-ping or packaging does not have a visi-ble exterior sur fac e larger than 5square inches, e i ther a tag meeting therequirements of paragraph (d) of thissection must be securely attached tothe p r o d u c t ' s innermost layer o f prod-uct wrapp ing or p a c k a g i n g , or a labelmust be attached to the next outerlayer of product packaging or wrap-ping. Any produc t s that are d i s t r ibu t edin commerce to someone other thanthe end user, s h i p p e d , or stored with-out packaging or w r a p p i n g must be la-beled or tagged d i r e c t l y on a vi s ible ex-terior surface of the product as de-scribed in paragraph (d) of this section.

(d)(l) L a b e l s must be either p r i n t e ddire c t ly on product packag ing or in thef o r m of a s t icker or tag made of p la s-tic, p a p e r , metal , or other durable sub-stances. Labe l s must be attached insuch a manner that they cannot be re-moved without d e f a c i n g or de s troyingthem. Produc t l a b e l s shall appear as inparagraph (d)(2) of this section andconsist of b lock l e t t e r s and numerals ofcolor that contrasts with the back-ground of the label or tag. L a b e l s sha l lbe s u f f i c i e n t l y durable to equal or ex-ceed the l i f e , i n c lud ing storage and dis-p o s a l , of the produc t packag ing orw r a p p i n g . The size of the label or tagmust be at least 15.25 cm (6 inches) oneach side. If the product packaging istoo small to accommodate a label ofthis size, the label may be reduced insize p r o p o r t i o n a t e l y to the size of theproduct p a c k a g i n g or w r a p p i n g down toa minimum 2.5 cm (1 inch) on each s ideif the produc t w r a p p i n g or packaginghas a visible exterior surface larger
than 5 square inches.

(2) Products subject to this subpartshall be labeled in Engl i sh as f o l l o w s :
N O T I C E

This product contains ASBESTOS. The U . S .Environmental Protection Agency hasbanned the d i s tr ibut ion in U . S . commerce ofthis product under section 6 of the ToxicSubstances Control Act (15 U . S . C . 2605) as of(insert e f f e c t i v e date of ban on d i s t r i bu t i onin commerce). Dis tr ibut ion of this product incommerce af t er this date and intentionallyremoving or tampering with this labe l areviolations of Federal law.(e) No one may i n t e n t i o n a l l y remove,deface, cover, or otherwise obscure ortamper with a label or sticker that hasbeen a p p l i e d in compl iance with thissection, except when the product isused or d i spo s ed of.
[59 FR 33209, J u n e 28, 1994)
§763.173 Exemptions.

(a) Persons who are sub j e c t to theproh ib i t i on s imposed by §§763.165 .763.167, or 763.169 may f i l e an app l i ca-tion for an exemption. Persons whoseexemption a p p l i c a t i o n s are approvedby the Agency may m a n u f a c t u r e , im-p o r t , proce s s , or d i s t r i b u t e in com-merce the banned product as s p e c i f i e din the A g e n c y ' s approval o f the a p p l i -cation. No applicant for an exemptionmay continue the banned a c t i v i ty thatis the sub j e c t of an e x e m p t i o n a p p l i c a -tion a f t e r the e f f e c t i v e date of the banunless the Agency has granted the ex-empt ion or the a p p l i c a n t receives anextension under p a r a g r a p h (b){4) or (5)of this section.( b ) A p p l i c a t i o n f i l i n g date s . ( 1 ) A p p l i -cations for p r o d u c t s a f f e c t e d by theproh i b i t i on s under § § 7 6 3 . 1 6 5 (a) and
763.167(a) may be submit t ed at anytime and wi l l be either granted or de-nied by EPA as soon as is f e a s i b l e .( 2 ) A p p l i c a t i o n s f o r p r o d u c t s a f f e c t e dby the ban under § 7 6 3 . 1 6 9 ( a ) may besubmitted at any time and wi l l be ei-ther granted or denied by EPA as soonas is f ea s ib l e .( 3 ) A p p l i c a t i o n s f o r produc t s a f f e c t e dby the ban under §§763.165 (b) and763.167(b) may not be submi t t ed prior
to F e b r u a r y 27, 1995. C o m p l e t e a p p l i c a -tions received a f t e r that da t e , but be-f o r e August 25, 1995, wil l be eithergranted or denied by the Agency priorto the e f f e c t i v e date of the ban for the
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product . A p p l i c a t i o n s received a f t e rAugust 25, 1995, will be either grantedor denied by EPA as soon as is f ea s ib l e .(4) A p p l i c a t i o n s f or product s a f f e c t e dby the ban under § 7 6 3 . 1 6 9 ( b ) may not besubmitted prior to February 26, 1996.C o m p l e t e app l i ca t i on s received a f t erthat date, but b e fore August 26, 1996,wil l be either granted or denied by theAgency prior to the e f f e c t i v e date ofthe ban for the product . A p p l i c a t i o n sreceived a f t e r August 26, 1996, will beeither granted or denied by EPA assoon as is f ea s i b l e .(5) The Agency will consider an a p p l i -cation for an exemption from a banunder §763.169 for a product at the sametime the a p p l i c a n t submits an a p p l i c a -tion for an exempt ion f rom a ban under§763.165 or §763.167 for that product.EPA wil l grant an exemption at thattime f r o m a ban under §763.169 if theAgency determines it a p p r o p r i a t e to doso.(6) If the Agency denies an a p p l i c a -tion less than 30 days before the e f f e c -tive date of a ban for a product , the ap-plicant can continue the activity for 30days a f t e r receipt of the denial f r o mthe Agency.(7) If the Agency f a i l s to meet thedeadl ine s s tated in paragraphs (b)(3)and (b)(4) of this section for granting ordenying a comple t e a p p l i c a t i o n in in-stances in which the deadl ine is b e f or ethe e f f e c t i v e date of the ban to whichthe a p p l i c a t i o n a p p l i e s , the a p p l i c a n twill be granted an extension of 1 yearfrom the A g e n c y ' s d e a d l i n e date. Dur-ing this extension period the a p p l i c a n tmay continue the activity that is thesubjec t of the exempt ion a p p l i c a t i o n .The Agency will either grant or denythe a p p l i c a t i o n during the extensionperiod. The extension period will ter-minate either on the date the Agencygrants the a p p l i c a t i o n or 30 days a f t e rthe a p p l i c a n t receives the A g e n c y ' s de-nial of the a p p l i c a t i o n . However, no ex-tension will be granted if the Agency iss cheduled to grant or deny an a p p l i c a -tion at some date a f t e r the e f f e c t i v edate of the ban, pursuant to the dead-lines stated in paragraphs (b)(3) and(b) (4) of this section.(c) Where to f i l e . All a p p l i c a t i o n smust be submitted to the f o l l o w i n g lo-cation: TSCA Docket Receipts O f f i c e(7407), O f f i c e o f P o l l u t i o n Prevention

and Toxics , U.S. Environmental Pro-tection Agency, Rm E-G99, 401 M St.,SW., Washington, DC 20460, ATTEN-T I O N : Asbestos Exemption. F o r infor-mation regarding the submission of ex-emptions containing informationclaimed as c on f id en t ia l business infor-mation (CBI), see §763.179.(d) Content of a p p l i c a t i o n and cri-teria for decisionmaking.(1) Content of a p p l i c a t i o n . Each ap-plication must contain the f o l l o w i n g :(i) Name, address, and telephonenumber of the a p p l i c a n t .(ii) Description of the manufac turing,import, processing, and/or d i s t r ibu t ionin commerce activity for which an ex-emption is requested, i n c l u d i n g a de-s cr ipt ion of the asbestos-containingproduct to be manufactured, impor t ed ,processed, or d i s t r ibu t ed in commerce.(iii) I d e n t i f i c a t i o n of locations atwhich the exempted activity wouldtake place.(iv) Length of time requested for ex-emption (maximum length of an ex-emption is 4 years).(v) Estimated amount of asbestos tobe used in the act ivi ty that is the sub-j e c t of the exemption a p p l i c a t i o n .(vi) Data demonstrating the exposurelevel over the l i f e cycle of the productthat is the sub j e c t of the a p p l i c a t i o n .(vii) Data concerning:(A) The extent to which non-asbestossubstitutes for the produc t that is thesubject o f th e a p p l i c a t i o n f a l l s i g n i f i -cantly short in per formance under nec-essary product s tandards or require-ments, in c lud ing laws or ordinancesmandating product s a f e t y s tandards.(B) The costs of non-asbestos sub-s t i tute s relative to the costs of the as-bestos-containing produc t and, in thecase in which the produc t is a compo-nent of another p r o d u c t , the e f f e c t onthe cost of the end use product of using
the subs t i tu te component.(C) The extent to which the productor use serves a high-valued use.(vii i) Evidence of demons trable goodf a i t h a t t empt s by the app l i can t to de-velop and use a non-asbestos substanceor product which may be subs t i tutedfor the asbestos-containing product orthe asbestos in the product or use thatis the subjec t to the a p p l i c a t i o n .(ix) Evidence, in a d d i t i o n to that pro-vided in the other information required
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with the a p p l i c a t i o n , showing that thecontinued manufacture, importat ion,processing, d i s t r i bu t i on in commerce,and use, as app l i cab l e , of the productwill not present an unreasonable riskof i n j u r y to human health.(2) Criteria for decision (exis t ingproduc t s) . A f t e r considering all the in-f ormat i on provided by an app l i can tunder paragraphs (d)(l) and (e) of thissection, and any other informationavai lable to E P A , EPA will grant anexemption f rom the prohib i t ions in§ § 7 6 3 . 1 6 5 , 763.167, or 763.169 for an a p p l i -c a n t ' s asbestos-containing productonly if EPA determines both of the f o l -lowing:(i) The app l i cant has made good f a i t ha t t empt s to d e v e l o p and use a non-as-bestos substance or product which maybe sub s t i tu t ed for the asbestos-con-taining produc t or the asbestos in theproduct or use, and those a t t empt shave f a i l e d to produce a substitute or asubs t i tute that result s in a productthat can be economical ly produced.(ii) Cont inued manufac turing, proc-essing, d i s t r ibu t ion in commerce, anduse, as a p p l i c a b l e , of the product willnot present an unreasonable risk of in-j u r y to human heal th.(3) Cr i t e r ia for decision (new prod-ucts). Requests to d e v e l o p and use anasbestos substance or product will betreated as a p e t i t i o n pursuant to sec-tion 2 1 o f T S C A .(e) The Agency reserves the right torequest fur ther in f ormat i on f rom anexempt ion a p p l i c a n t if necessary toc o m p l e t e the A g e n c y ' s evaluation of ana p p l i c a t i o n .

(f) Upon receipt of a complete a p p l i -cation, the Agency w i l l issue a noticein the FEDERAL REGISTER announcingits receipt and invi t e p u b l i c commentson the merits of the a p p l i c a t i o n .(g) If the a p p l i c a t i o n does not includeall of the informat ion required in para-graph (d) of this section, the Agencywill return it to the a p p l i c a n t as in-c ompl e t e and any resubmission of thea p p l i c a t i o n wil l be considered a newa p p l i c a t i o n for purposes of the avail-a b i l i t y of any extension per i od . If thea p p l i c a t i o n is s ub s tan t ia l ly inadequateto allow the Agency to make a rea-soned j u d g m e n t on any of the informa-tion required in paragraph (d) of thissection and the Agency chooses to re-

quest additional informat ion f rom thea p p l i c a n t , the Agency may also deter-mine that an extension period prov idedfor in paragraph (b) (5) of this section isunavailable to the a p p l i c a n t .(h) When denying an a p p l i c a t i o n , theAgency will n o t i f y the a p p l i c a n t byregistered mail of its decision and ra-tionale. Whenever po s s i b l e , the Agencywill send this l e t t e r prior to the appro-priate ban. T h i s l e t t e r will be consid-ered a f inal Agency action for purpose sof j u d i c i a l review. A notice announcingthe A g e n c y ' s denial o f th e a p p l i c a t i o nwill be pub l i sh ed in the F E D E R A L REG-I S T E R .(i) If the Agency propose s to approvean exemption, it will issue a notice inthe FEDERAL REGISTER announcing thisintent and invite p u b l i c comments. If,a f t e r considering any t imely commentsreceived, the Agency approves an ex-emption, its decision will be publishedin the F E D E R A L REGISTER. T h i s noticewill be considered a f i n a l Agency ac-tion for purpose s of j u d i c i a l review.(j) The length of an ex empt ion periodwill be s p e c i f i e d by the agency when itapprove s the exemption. To extend anexemption period beyond the periods t i p u l a t e d by E P A , a p p l i c a n t s mustsubmit a new a p p l i c a t i o n to the Agen-cy, f o l l o w i n g the a p p l i c a t i o n proce-dures described in this section. A p p l i -cations may not be submit t ed pr i or to15 months b e f o r e the e xp ira t i on of theexemption per iod , unless s ta ted other-wise in the notice gran t ing the exemp-tion. A p p l i c a t i o n s received between 15months and 1 year b e f o r e the end of theexemption period w i l l be either grantedor denied by the Agency be fore the endo f the e x empt i on p e r i o d . A p p l i c a t i o n sreceived a f t e r the da t e 1 year pr ior tothe end of the e x e m p t i o n per iod wi l l beeither granted or denied by the Agencyas soon as is f ea s i b l e . A p p l i c a n t s maynot continue the a c t i v i t y that is thesub j e c t of the renewal a p p l i c a t i o n a f t e rthe date of the end of the e x empt i onperiod.
|54 FR 29507. J u l y 12. 1989; 54 FR 37531. S e p t .11. 1989, as amended at 54 FR 46898. Nov. 8,
1989; 59 FR 33210, J u n e 28. 1994]
§ 763.175 Enforcement.

(a) F a i l u r e to c o m p l y with any provi-sion of this subpart is a v i o l a t i o n ofsection 15 of the Act (15 U . S . C . 2 6 1 4 ) .
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Environmental Protection Agency §763.179
(b) F a i l u r e or refusal to e s tabli sh andmaintain records, or to permit accessto or copying of records as required bysection 11 of the Act (15 U . S . C . 2610) isa violation of section 15 of the Act (15U . S . C . 2614).(c) F a i l u r e or refusal to permit entryor inspection as required by section 11of the Act (15 U . S . C . 2610) is a violationof section 15 of the Act (15 U . S . C . 2614).(d) V i o l a t o r s may be subjec t to thecivil and criminal pena l t i e s in section16 of the Act (15 U . S . C . 2 6 1 5 ) for eachviolation.(e) The Agency may seek to enjointhe manufacture, import, process ing,or d i s tr ibut ion in commerce of asbes-tos-containing products in violat ion ofthis subpart, or act to seize any asbes-tos-containing produc t s manufactured,impor t ed , proces sed, or distributed incommerce in violation of this subpart,or take any other actions under the au-thority of section 7 or 17 of the Act (15U . S . C . 2606 or 2616) that are appro-priate.

§ 763.176 Inspections.
The Agency will conduct inspectionsunder section 11 of the Act (15 U . S . C .2610) to ensure compliance with thissubpart .

§763.178 Recordkeeping.
(a) Inventory. (1) Each person who issubjec t to the prohib i t i ons imposed by§§763.165 and 763.167 must p e r f o r m aninventory of the stock-on-hand of eachbanned produc t as of the e f f e c t i v e dateof the ban for that produc t for the ap-p l i c a b l e activity.(2) The inventory shall be in writingand shal l in c lude the type of produc t ,the number of product units currentlyin the stock-on-hand of the person per-f o rming the inventory, and the loca-tion of the stock.(3) Result s of the inventory for abanned product must be maintained bythe person for 3 years a f t e r the e f f e c -tive date of the §763.165 or §763.167 banon the produc t .(b) Records. (1) Each person whose ac-t ivi t i e s are sub j e c t to the bans imposedby § § 7 6 3 . 1 6 5 , 763.167, and 763.169 for aproduct must, between the e f f e c t i v edate of the §763.165 or §763.167 ban onthe product and the §763.169 ban on theproduc t , keep records of all commer-

cial transactions regarding the prod-uct, including the dates of purchasesand sales and the quantities purchasedor sold. These records must be main-tained for 3 years a f t e r the e f f e c t i v edate of the §763.169 ban for the product.(2) Each person who is subjec t to therequirements of §763.171 must, for eachproduct required to be l a b e l e d , main-tain a copy of the label used in compl i-ance with §763.171. These records mustbe maintained for 3 years a f t e r the ef-f e c t ive date of the ban on d i s t r ibu t ionin commerce for the product for whichthe §763.171 requirements a p p l y .
[54 FR 29507, J u l y 12. 1989. as amended by 54FR 46898. Nov. 8, 1989; 58 FR 34205. J u n e 23.1993]
§763.179 C o n f i d e n t i a l business infor-mation claims.

(a) A p p l i c a n t s for exemptions under§763.173 may assert a C o n f i d e n t i a l Busi-ness Informat i on ( C B I ) claim for infor-mation in an exemption a p p l i c a t i o n ors u p p l e m e n t submitted to the Agencyunder this subpart only if the claim isasserted in accordance with this sec-tion, and release of the informat ionwould reveal trade secrets or c on f id en-tial commercial or f inanc ia l in forma-tion, as provided in section 14(a) of theAct. I n f o r m a t i o n covered by a CBIclaim will be treated in accordancewith the procedures set f o r t h in 40 CFRpart 2, subpart B. The Agency wi l lp lace all in f ormat i on not claimed asCBI in the manner described in thissection in a pub l i c f i l e without f u r t h e rnotice to the a p p l i c a n t .(b) A p p l i c a n t s may assert CBI claimsonly at the time they submit a com-p l e t e d exemption a p p l i c a t i o n and onlyin the s p e c i f i e d manner. If no suchclaim accompanies the i n f o r m a t i o nwhen it is received by the Agency, thein format ion may be made ava i lab l e tothe pub l i c without f u r t h e r notice tothe a p p l i c a n t . S u b m i t t e r s that claiminformat ion as business c o n f i d e n t i a lmust do so by writing the word "Con-f i d e n t i a l " at the top of the page onwhich the information appears and byunderl ining, c irc l ing, or p l a c i n g brack-e t s ( [ ] ) around t h e i n f o r m a t i o nclaimed CBI.(c) A p p l i c a n t s who assert a CBI claimfor submitted i n f o r m a t i o n must pro-vide the Agency with two copies of
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their exemption a p p l i c a t i o n . The f ir s tcopy must be c ompl e t e and contain allinformation being claimed as CBI. Thesecond copy must contain only infor-mation not c laimed as C B I . The Agen-cy wi l l p l a c e the second copy of thesubmission in a p u b l i c f i l e . F a i l u r e tofurni sh a second copy of the submissionwhen information is claimed as CBI inthe f ir s t copy will be considered a pre-sumptive waiver of the claim of con-f i d e n t i a l i t y . The Agency will n o t i f y theappl i cant by cer t i f i ed mail that a f ind-ing of a pre sumpt ive waiver of theclaim of c o n f i d e n t i a l i t y has been made.The appl i cant has 30 days from thedate of receipt of n o t i f i c a t i o n to sub-mit the required second copy. F a i l u r eto submit the second copy will causethe Agency to p l a c e the f i r s t copy in a
pub l i c f i l e .

(d) A p p l i c a n t s must substantiate allclaims of CBI at the time the app l i can tasserts the claim, i.e., when the exemp-tion a p p l i c a t i o n or s upp l emen t is sub-mit ted, by responding to the questionsin paragraph (e) of this section. F a i l u r eto provide substantiation of a claim atthe time the a p p l i c a n t submits the ap-p l i c a t i o n wil l result in a waiver of theCBI c laim, and the informat ion may bedi s c lo s ed to the p u b l i c without fur th ernotice to the a p p l i c a n t .
(e) A p p l i c a n t s who assert any CBIclaims must subs tantiate all claims byproviding detailed responses to the f o l -lowing:
(1) Is this in format ion sub j e c t to apatent or patent appl i ca t ion in theUnited S t a t e s or elsewhere? If so, whyis c o n f i d e n t i a l i t y necessary?
(2) For what period do you assert aclaim of c o n f i d e n t i a l i t y ? If the claim isto extend until a certain event or pointin time, p l ea s e indicate that event ortime period. Explain why such informa-tion should remain c o n f i d e n t i a l unt i lsuch point.
(3) Has the information that you arec laiming as c o n f i d e n t i a l been di s c lo s edto persons outs ide of your company?W i l l it be d i s c l o s ed to such persons inthe future? If so, what restrictions, ifany, a p p l y to use or f u r t h e r disc losureof the in format ion?
(4) B r i e f l y describe measures takenby your company to guard againstundesired disclosure of the in f ormat i on

you are claiming as c on f id en t ia l toothers.(5) Does the information claimed ascon f id en t ia l appear or is it re ferred toin advertising or promotional mate-rials for the product or the resul t ingend produc t , s a f e t y data sheets orother similar materials for the produc tor the resul t ing end p r o d u c t , p r o f e s -sional or trade pub l i ca t i ons , or anyother media avai lab l e to the p u b l i c orto your compet i tors? If you answeredyes, indicate where the information ap-pears.(6) If the Agency d i s c lo s ed the in f or-mation you are claiming as c o n f i d e n -tial to the p u b l i c , how d i f f i c u l t wouldit be for the compet i tor to enter themarket for your product? Consider inyour answer such constraints as cap-ital and marketing cost, spe c ia l iz edtechnical e xp er t i s e , or unusual proc-esses.(7) Has the Agency, another Federalagency, or a F e d e r a l court made anyc o n f i d e n t i a l i t y de terminat ion regard-ing this in format ion? If so , provide cop-ies of such determinations.(8) How would your c o m p a n y ' s com-pet i t ive posi t ion be harmed if theAgency d i s c l o s ed this in format ion?Why should such harm be consideredsubstantial? Describe the causal rela-t i o n s h i p between the d i s c l o sure andharm.( 9 ) I n l igh t o f section 1 4 ( b ) o f T S C A ,if you have claimed in format ion f r o m aheal th and s a f e t y s tudy as c o n f i d e n t i a l ,do you assert that d i s c l o sure of this in-formation would di s c lo s e a processused in the m a n u f a c t u r i n g or proc-essing of a produc t or i n f o r m a t i o n un-related to the e f f e c t s of asbestos onhuman health and the environment? Ifyour answer is yes, e x p l a i n .
P A R T 7 6 6 — D I B E N Z O - P A R A -D I O X I N S / D I B E N Z O F U R A N S

S u b p a t t A — G e n e r a l Provisions
Sec.766.1 S c o p e and purpose.766.2 A p p l i c a b i l i t y and duration of thispart.766.3 Def ini t ions .766.5 Compl iance .766.7 Submiss ion of i n f o r m a t i o n .766.10 Test s tandards.766.12 T e s t i n g g u i d e l i n e s .
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Foreword
I S O ( t h e I n t e r n a t i o n a l Organiza t i on f o r S t a n d a r d i z a t i o n ) i s a w o r l d w i d ef e d e r a t i o n o f n a t i o n a l s t a n d a r d s bodies ( I S O member b o d i e s ) . T h e worko f p r e p a r i n g I n t e r n a t i o n a l S t a n d a r d s i s n o r m a l l y carried o u t t h r o u g h I S Ot e chn i ca l committees . Each member body in t er e s t ed in a s u b j e c t forwhich a t e chn i ca l commit tee has been e s t a b l i s h e d has the r i g h t to berepresented on that committee. I n t e r n a t i o n a l o rgan iza t i on s , governmentaland non-governmental , in l i a i s o n with ISO, also take part in the work. ISOc o l l a b o r a t e s c l o s e l y with t h e I n t e r n a t i o n a l E l e c t r o t e c h n i c a l C o m m i s s i o n( I E C ) o n a l l matters o f e l e c t r o t e c h n i c a l s t a n d a r d i z a t i o n .

D r a f t I n t e r n a t i o n a l S t a n d a r d s a d o p t e d by the t e c h n i c a l c o m m i t t e e s arec i r cu la t ed to the member bodie s for vo t ing . P u b l i c a t i o n as an I n t e r n a t i o n a lS t a n d a r d requires a p p r o v a l by at l eas t 75 % of the member bod i e s c a s t i n ga vote.
I n t e r n a t i o n a l S t a n d a r d I S O 10312 w a s p r e p a r e d b y T e c h n i c a l C o m m i t t e eISO/TC 146, Air quality, S u b c o m m i t t e e SC 3, Ambient atmospheres.
A n n e x e s A, B, C, D, E and F f o r m an i n t e g r a l part of t h i s I n t e r n a t i o n a lS t a n d a r d . A n n e x e s G, H and J are for i n f o r m a t i o n o n l y .
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in troduc t i on
This I n t e r n a t i o n a l S t a n d a r d i s a p p l i c a b l e t o the d e t e rmina t i on o f airborneasbestos in a wide range of ambient air s i t u a t i o n s , i n c l u d i n g the inter iora t m o s p h e r e s of b u i l d i n g s , and for d e t a i l e d evaluat ion of any a t m o s p h e r ein which asbestos structures are l i k e l y to be present. Because the bestavai lab l e medical evidence indicates that the numerical f i b r e concentrationand the f i b r e sizes are the relevant parameters for eva lua t i on of thei n h a l a t i o n hazards , a f i b r e c oun t ing t echnique i s the on ly l o g i c a l a p p r o a c h .Most f i b r e s in ambient a t m o s p h e r e s are not asbestos, and t h e r e f o r e thereis a requirement for f i b r e s to be i d e n t i f i e d . Many airborne asbes tos f i b r e sin ambient a t m o s p h e r e s have d iame t er s below the r e s o l u t i o n l i m i t of theo p t i c a l microscope. This I n t e r n a t i o n a l S t a n d a r d i s based on t r a n s m i s s i o ne l e c t r on micro s copy, which has adequate r e s o lu t i on to a l l o w d e t e c t i on ofs m a l l f i b r e s and is c u r r e n t l y the o n l y t echnique capable of unequivocali d e n t i f i c a t i o n o f the m a j o r i t y o f i n d i v i d u a l f i b r e s o f asbestos. A s b e s t o s i so f t e n f o u n d , not as s i n g l e f i b r e s , but as very c o m p l e x , a g g r e g a t e d struc-tures which may or may not be a l s o a g g r e g a t e d wi th other p a r t i c l e s . Thef i b r e s f o u n d s u s p e n d e d in an ambient a t m o s p h e r e can o f t e n be i d e n t i f i e du n e q u i v o c a l l y , i f a s u f f i c i e n t measurement e f f o r t i s e x p e n d e d . However ,if each f i b r e were to be i d e n t i f i e d in t h i s way, the a n a l y s i s would becomep r o h i b i t i v e l y expens ive . Because of i n s t r u m e n t a l d e f i c i e n c i e s or becauseof the nature of the p a n i c u l a t e , some f i b r e s cannot be p o s i t i v e l y i d e n t i f i e das asbes tos , even t h o u g h the measurements al l i n d i c a t e that they c ou ldbe asbestos. S u b j e c t i v e f a c t o r s t h e r e f o r e c o n t r i b u t e t o t h i s measurement ,and c o n s e q u e n t l y a very pr e c i s e d e f i n i t i o n o f the pro c edure for i d e n t i f i c a -t i on and enumerat ion o f asbes tos f i b r e s i s required. The method s p e c i f i e din t h i s I n t e r n a t i o n a l S t a n d a r d i s d e s i g n e d to p r o v i d e the best d e s c r i p t i o np o s s i b l e of the nature, numerica l c onc en tra t i on , and sizes of asbestos-containing p a r t i c l e s f o u n d in an air sample . T h i s I n t e r n a t i o n a l S t a n d a r d isnece s sari ly c o m p l e x , because the i n s t r u m e n t a l t e chn ique s used are com-p l e x , and a l s o because a very d e t a i l e d and l o g i c a l p ro c edur e must bes p e c i f i e d t o reduce the s u b j e c t i v e a s p e c t s o f the measurement. Themethod of data r e c ord ing s p e c i f i e d in t h i s I n t e r n a t i o n a l S t a n d a r d i s de-s i gned to a l l o w re-evaluation of the s tructure c o u n t i n g da ta as new med-ical evidence becomes a v a i l a b l e . A l l o f t h e f e a s i b l e sp e c imen p r e p a r a t i o nt e chnique s re sul t in some m o d i f i c a t i o n of the airborne p a r t i c u l a t e . Eventhe c o l l e c t i o n of p a r t i c l e s f r o m a three-dimens ional airborne d i s p e r s i o nonto a two-dimensional filter s u r f a c e can be cons idered a m o d i f i c a t i o n ofthe p a r t i c u l a t e , and some of the p a r t i c l e s in most s a m p l e s are m o d i f i e dby the spec imen p r e p a r a t i o n proc edure s . However, the procedure s spec-i f i e d in th i s I n t e r n a t i o n a l S t a n d a r d are d e s i g n e d to m i n i m i z e the d i s t u r b -ance of the c o l l e c t e d p a r t i c u l a t e m a t e r i a l , and the e f f e c t o f thosed i s t u r b a n c e s which do occur can be eva lua t ed .

T h i s I n t e r n a t i o n a l S t a n d a r d describes the method o f a n a l y s i s f or a s i n g l eair f i l ter. However, one of the l arg e s t p o t e n t i a l errors in charac t e r i z ingasbestos in ambient a tmosphere s is associated with the v a r i a b i l i t y be-tween fi l t er s a m p l e s . For t h i s reason, i t i s necessary to d e s i g n a r e p l i c a t es a m p l i n g scheme in order t o de t ermine t h i s I n t e r n a t i o n a l Standard ' s a c-curacy and precis ion.

IV
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Ambient air — Determinat ion of asbestos f i b r e sDirect-transfer transmission electron microscopymethod

1 S c o p e 1.4 Limit of detect ion

1.1 Sub s tanc e de t ermined
T h i s I n t e r n a t i o n a l S t a n d a r d s p e c i f i e s a r e f e r enc emethod using transmi s s ion e l e c tron micro s copy forthe d e t e r m i n a t i o n of the c onc en tra t i on of asbestos
s t ruc ture s in ambient a tmo spher e s and i n c l u d e s
measurement of the l e n g t h s , w i d t h s and aspect rat io s
of the a sbe s to s s tructures . The method a l l o w s deter-mina t i on o f t h e t y p e ( s ) o f a s b e s t o s f i b r e s present. The
method cannot d i s c r i m i n a t e between i n d i v i d u a l f i b r e sof the asbestos and non-asbestos analogue s of the
same a m p h i b o l e mineral .

1.2 T y p e of s a m p l e
T h e method i s d e f i n e d f o r p o l y c a r b o n a t e c a p i l l a r y - p o r e
f i l t e r s or c e l l u l o s e ester (ei ther mixed esters of c e l lu-lose or c e l l u l o s e n i t r a t e ) f i l t e r s t h r o u g h which a knownvolume of air has been drawn. The method is s u i t a b l e
for d e t e rmina t i on of asbes tos in both exterior and
b u i l d i n g a tmosphere s .

1.3 Measuring range
The range of c o n c e n t r a t i o n which can be d e t e r m i n e d
is 50 s t r u c t u r e s / m m 2 to 7 000 s t r u c t u r e s / m m 2 on thef i l t e r . The a ir c onc en tra t i on s r e p r e s e n t e d by thesevalue s are a f u n c t i o n of the volume of air s a m p l e d .
T h e r e is no lower l i m i t to the d i m e n s i o n s of asbestosf i b r e s which can be d e t e c t e d . In prac t i c e ,m i c r o s c o p i s t s vary in t h e i r a b i l i t y to detect very smal lasbestos f i b r e s . T h e r e f o r e , a minimum l e n g t h o f0,5 um has been d e f i n e d as the shorte s t f i b r e to be
i n c o r p o r a t e d in the r epor t ed resul t s .

The l i m i t o f d e t e c t i o n t h e o r e t i c a l l y can be lowered in-
d e f i n i t e l y b y f i l t r a t i o n o f p r o g r e s s i v e l y l a r g e r vo lume s
of air and by e x t e n d i n g the e x a m i n a t i o n of the speci-mens in the e l ec tron microscope. In prac t i c e , the
lowest a ch i evab l e l i m i t o f d e t e c t i o n f o r a p a r t i c u l a rarea of TEM sp e c imen examined is c o n t r o l l e d by the
t o t a l s u s p e n d e d p a r t i c u l a t e c onc en tra t i on .
F o r t o ta l s u s p e n d e d p a r t i c u l a t e c o n c e n t r a t i o n s o f a p -
p r o x i m a t e l y 10 n g / m 3 , c o r r e s p o n d i n g to c l e a n , rurala t m o s p h e r e s , and a s s u m i n g f i l t r a t i o n of 4 000 l i t r e s
of air, an a n a l y t i c a l s e n s i t i v i t y of 0,5 s t r u c t u r e / I can be
o b t a i n e d , equ iva l en t to a l i m i t of d e t e c t i o n of 1,8
s t r u c t u r e / I , i f an area o f 0 , 1 9 5 m m 2 o f the TEM
spe c imen s i s e xamined . I f h i g h e r t o t a l s u s p e n d e d
p a r t i c u l a t e c onc en tra t i on s are p r e s e n t , the vo lume ofair f i l t e r e d must be reduced in order to m a i n t a i n ana c c e p t a b l e p a r t i c u l a t e l o a d i n g on the f i l t e r , l e a d i n g t o
a p r o p o r t i o n a t e increase in the a n a l y t i c a l s e n s i t i v i t y .
W h e r e th i s i s the case, lower l i m i t s of d e t e c t i o n can
be achieved by incr ea s ing the area of the TEM spec i-
mens t h a t i s examined. In order to achieve lower
l i m i t s o f d e t e c t i o n f o r f i b r e s a n d b u n d l e s l o n g e r t h a n
5 |im, and for PCM equ iva l en t f i b r e s , lower magni-
f i c a t i o n s are s p e c i f i e d which p e r m i t more r a p i d ex-
a m i n a t i o n o f l arger areas o f the TEM s p e c i m e n s when
the e x a m i n a t i o n i s l i m i t e d t o these d i m e n s i o n s o f f i -
bre. The direct a n a l y t i c a l method cannot be used if the
general p a r t i c u l a t e l o a d i n g o f t h e s a m p l e c o l l e c t i o n
f i l t e r exceeds a p p r o x i m a t e l y 1 0 n g / c m 2 o f f i l t e r sur-
f a c e , which c o r r e s p o n d s to a p p r o x i m a t e l y 10 % cov-erage o f t h e c o l l e c t i o n f i l t e r b y p a r t i c u l a t e . I f t h e t o t a l
s u s p e n d e d p a r t i c u l a t e i s l a r g e l y o rgan i c m a t e r i a l , t h el i m i t of d e t e c t i o n can be lowered s i g n i f i c a n t l y by u s i n g
an i n d i r e c t p r e p a r a t i o n me thod .
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2 N o r m a t i v e references
T h e f o l l o w i n g s t a n d a r d s contain provis ions which,
t h r o u g h re ference in t h i s t ex t , c o n s t i t u t e provi s ionso f t h i s I n t e r n a t i o n a l S t a n d a r d . At the time o f p u b l i c a -
t i on , th e e d i t i o n s ind i ca t ed were va l id . All s t a n d a r d sare s u b j e c t to revi s ion, and p a r t i e s to agreementsbased on th i s I n t e r n a t i o n a l S t a n d a r d are encouraged
to i n v e s t i g a t e the p o s s i b i l i t y of a p p l y i n g the most re-cent e d i t i o n s of the s tandard s indi ca t ed below.Members of I EC and ISO maintain registers of cur-
r e n t l y va l id I n t e r n a t i o n a l S t a n d a r d s .
ISO 4225:1994, Air quality — General aspects — Vo-
cabulary.
ISO 4226:1993, Air quality — General aspects —
Units of measurement
I S O S t a n d a r d H a n d b o o k N o . 2:1993, Quantities a n d
units.
I S O S t a n d a r d H a n d b o o k N o . 3:1989, Statistical Meth-
ods.

3 D e f i n i t i o n s
F o r t h e p u r p o s e s o f t h i s I n t e r n a t i o n a l S t a n d a r d , t h e
f o l l o w i n g d e f i n i t i o n s a p p l y (see a l s o I S O 4225).
3.1 acicuiar: The s h a p e of an e x t r e m e l y s l e n d e r
crystal with cross-sectional d i m e n s i o n s which are
s m a l l r e la t iv e to i t s l e n g t h , i.e. n e e d l e - l i k e .
3.2 a m p h i b o l e : A g r o u p of r o c k - f o r m i n g
f e r r o m a g n e s i u m s i l i c a t e m i n e r a l s , c l o s e l y r e la t ed incrystal f o r m and c o m p o s i t i o n , wi th the nominal f o r -mula:

A 0 o r 1 B 2 C 5 T 8 0 2 2 ( O H J F J C I ) 2

where
A = K, Na
B = Fe 2 + , Mn, Mg, Ca, Na
C = Al, Cr , Ti, Fe 3 + , Mg, F e 2 +

T = Si, Al, Cr, F e 3 + , Ti
In some varie t i e s of a m p h i b o l e , these e l ement s canbe p a r t i a l l y s u b s t i t u t ed by Li, Pb or Zn. A m p h i b o l e ischaracterized by a cross-linked d o u b l e chain of Si-0t e t rahedra with a s i l i c on:oxygen ratio of 4:11, by co-
lumnar or f i b r o u s pr i sma t i c crys ta l s and by goodp r i s m a t i c c l eavage in two direc t ions p a r a l l e l to the

crystal f a c e s and in t e r s e c t ing at a n g l e s of about 56>
a n d 1 2 4 ° .
3.3 amphibo l e asbestos:
a s b e s t i f o r m habit.

A m p h i b o i e in an

3.4 analytical sensitivity: The c a l c u l a t e d a irborne
asbestos s tructure c onc en tra t i on in asbe s to ss t r u c t u r e s / l i t r e , equivalent to c o u n t i n g of one
asbestos s tructure in the analys i s . The method in t h i sI n t e r n a t i o n a l S t a n d a r d does not s p e c i f y an a n a l y t i c a l
s en s i t iv i ty .
3.5 asbest i form: A s p e c i f i c t y p e of mineral f i b r o s i t y
in which the f i b r e s and f i br i l s po s s e s s h i g h t e n s i l es t r e n g t h a n d f l e x i b i l i t y .
3.6 asbestos: A term a p p l i e d to a group of s i l i c a t e
minera l s b e l o n g i n g to the s e r p e n t i n e and a m p h i b o l egroup s which have c r y s t a l l i z e d in the a s b e s t i f o r m
h a b i t , cau s ing them to- be e a s i l y s e p a r a t e d into l o n g ,
t h i n , s t rong f i b r e s when crushed or proce s s ed . TheChemica l A b s t r a c t s Service R e g i s t r y N u m b e r s o f t h emost common asbe s to s vari e t i e s are: c h r y s o t i l e
(12001-29-5), c r o c i d o l i t e (12001-28^1), g r u n e r i t e
asbestos ( a m o s i t e ) (12172-73-5), a n t h o p h y l l i t e
asbestos (77536-67-5), t r e m o l i t e a sb e s t o s
(77536-68-6) and a c t i n o l i t e asbestos (77536-66-4).
3.7 asbestos structure: A term a p p l i e d to any con-
nected or o v e r l a p p i n g g r o u p i n g of a sbe s to s f i b r e s orb u n d l e s , wi th or wi thou t other p a r t i c l e s .
3.8 aspect ratio: The ratio of l e n g t h to w i d t h of ap a r t i c l e .
3.9 b lank: A s truc ture count made on TEM spe c i -mens p r e p a r e d f r o m an unused f i l t er , t o d e t e r m i n e
the background measurement.
3.10 camera l ength: The equival ent p r o j e c t i o nl e n g t h between the sp e c imen and i t s e l e c tron d i f -f r a c t i o n p a t t e r n , in the absence of l en s act ion.
3.11 chrysotile: A f i b r o u s mineral of the s e r p e n t i n egroup which has the nominal c o m p o s i t i o n
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Most natural c h r y s o t i l e deviates l i t t l e f r o m t h i s nomi-
nal c ompo s i t i on . In some variet ie s o f c h r y s o t i l e , minor
s u b s t i t u t i o n of s i l i c o n by AI 3 + may occur. M i n o r sub-
s t i t u t i o n of magnes ium by Al 3 " 1 ", F e 2 + , F e 3 + , Ni 2 " 1 ",
Mn2"1" and Co 2 + may a l s o be present. C h r y s o t i l e is themost preva l en t t y p e of asbestos.
3.12 cleavage: The breaking of a mineral a l o n g one
of i t s c r y s t a l l o g r a p h i c d i r e c t i on s .



o I S O I S O 10312:1995(E)

3.13 c leavage f r a g m e n t : A f r a g m e n t of a crystal
that is b ounded by c l eavage f a c e s .
3.14 cluster: A s truc ture in which two or more fi-
bres, or f i b r e b u n d l e s , are r a n d o m l y oriented in a
connected g r o u p i n g .
3.15 d-spacing: The d i s t a n c e between i d e n t i c a l ad-
j a c e n t and p a r a l l e l p l a n e s of atoms in a crystal .
3.16 e lec tron d i f f r a c t i o n : A t e c h n i q u e in e l e c t ron
microscopy by which the crystal s tructure of a speci-
men is examined.
3.17 electron scat tering power: The extent towhich a t h i n layer of subs tance scatters e l e c trons
f r o m t h e i r o r i g i n a l d irec t ions .
3.18 energy di sper s ive X-ray analys i s: Measure-
ment of the energies and i n t e n s i t i e s of X-rays by useof a s o l id s ta te d e t e c t o r and m u l t i c h a n n e l analyser
system.
3.19 eucentric: The c o n d i t i o n when the area of in-
terest of an o b j e c t is p l a c e d on a tilting axis at theinter sec t ion of the e l e c tron beam with that axis and
is in the p l a n e of f o c u s .
3.20 f i e l d blank: A filter cas se t te which has been
taken to the s a m p l i n g s i t e , o p e n e d , and then c l o s ed .S u c h a f i l ter i s used to d e t e rmine the background
s tructure count for the measurement.
3.21 f i b r i l : A s i n g l e f i b r e of asbes tos , which cannot
be f u r t h e r s epara t ed l o n g i t u d i n a l l y into s m a l l e r com-
p o n e n t s without l o s i n g i t s f i b r o u s p r o p e r t i e s or ap-
pearances.
3.22 f ibre: An e l o n g a t e d p a r t i c l e which has p a r a l l e l
o r s t e p p e d s ides. For th e p u r p o s e s o f t h i s I n t e r n a -t i o n a l S t a n d a r d , a f i b r e is d e f i n e d to have an a spec tratio equal to or greater than 5:1 and a minimum
l e n g t h of 0,5 j im.
3.23 f i b r e bundle: A s tructure composed of p a r a l l e l ,
s m a l l e r d iame t er f i b r e s a t t a ch ed a l o n g t h e i r l e n g t h s .
A f i b r e b u n d l e may e xh i b i t d i v e r g i n g f i b r e s at one orboth ends.
3.24 f i b r o u s structure: A f i b r e , or connected
g r o u p i n g o f f i b r e s , with or wi thout o ther p a r t i c l e s .
3.25 habit: The charac t e r i s t i c crys ta l growth f o r m ,
(or c o m b i n a t i o n o f the s e f o r m s ) , o f a m i n e r a l , i n c l u d -
ing charac t er i s t i c i r r e g u l a r i t i e s .
3.26 l imi t of de t ec t ion: The c a l c u l a t e d airborne
asbes tos s t ruc ture c o n c e n t r a t i o n in s t ruc ture s per l i-

tre, equ iva l en t to c o u n t i n g 2,99 asbes tos s tructures in
the a n a l y s i s .
3.27 matrix: A s truc ture in which one or more fi-
bres, or f i b r e b u n d l e s , touch, are a t t a c h e d to, or par-
tially concealed by, a s i n g l e p a r t i c l e or connectedg r o u p o f n o n f i b r o u s p a r t i c l e s .
3.28 M i l l e r index: A set of e i t h e r three or f o u r inte-
ger numbers used to s p e c i f y the o r i e n t a t i o n of ac r y s t a l l o g r a p h i c p l a n e in r e l a t i o n to the crystal axes.
3.29 PCM equivalent f i br e: A f i b r e of a spec t ratio
greater than or equal to 3:1, l o n g e r than 5 urn, andwhich has a d i a m e t e r between 0,2 nm and 3,0 nm.
3.30 PCM equivalent structure: A f i b r o u s s tructure
of aspect ratio greater t h a n or equal to 3:1, l o n g e rthan 5 nm, and which has a d i a m e t e r between
0,2 nm and 3,0 j im.
3.31 primary structure: A f i b r o u s s tructure that is
a s epara t e e n t i t y in the TEM image.
3.32 r ep l i ca t i on: A proc edure in e l e c tron
microscopy spec imen p r e p a r a t i o n in which a t h i ncopy, or r e p l i c a , of a s u r f a c e is made.
3.33 selected area electron d i f f r a c t i o n : A tech-
nique in e l e c t ron micro s copy in which the crystal
s tructure of a s m a l l area of a s a m p l e is examined.
3.34 serpentine: A group of common r o c k - f o r m i n gmineral s having the nominal f o r m u l a
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3.35 structure: A s i n g l e f i b r e , f i b r e b u n d l e , c l u s t e ror matrix.
3.36 twinning: The occurrence of c r y s t a l s of thesame sp e c i e s j o i n e d t o g e t h e r at a p a r t i c u l a r mutual
o r i e n t a t i o n , such that the re la t ive o r i e n t a t i o n s are re-l a t e d by a d e f i n i t e law.
3.37 unopened f ibre: An asbes tos f i b r e b u n d l e oflarge d iame t er which has not been s epara t ed into its
c o n s t i t u e n t f i b r i l s o r f i b r e s .
3.38 zone-axis: The l i n e or c r y s t a l l o g r a p h i c d i r e c t i on
t h r o u g h the centre of a crys tal which is p a r a l l e l to the
in t er s e c t i on edges o f t h e crys ta l f a c e s d e f i n i n g t h e
crystal zone.
4 P r i n c i p l e
A s a m p l e of a irborne p a r t i c u l a t e is c o l l e c t e d by draw-
ing a measured vo lume of air t h r o u g h e i t h er a
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c a p i l l a r y - p o r e po lycarbona t e membrane f i l t er o f maxi-
mum pore size 0,4 urn or a c e l l u l o s e ester (either
mixed esters of c e l l u l o s e or c e l lu l o s e ni trate) mem-
brane filter of maximum pore size 0,45 nm by meansof a battery-powered or mains-powered pump. TEM
specimens are prepared f r o m p o l y c a r b o n a t e f i l t e r s by
a p p l y i n g a th in f i lm o f carbon to the f i l t er s u r f a c e byvacuum evaporation. Small areas are cut f r o m thecarbon-coated f i l t er , s u p p o r t e d on TEM spec imen
g r i d s , and the filter medium is d i s s o lv ed away by asolvent extract ion procedure. T h i s procedure leaves a
thin f i l m of carbon which bridges the openings in theTEM specimen grid, and which s u p p o r t s each p a r t i c l e
f rom the original f i l t e r in its original po s i t ion. C e l l u l o s eester f i l t e r s are chemically treated to c o l l a p s e the pore
s truc ture of the f i l t e r , and the s u r f a c e of the c o l l a p s e d
filter is then etched in an oxygen p l a s m a to ensuretha t all p a r t i c l e s are exposed. A t h i n fi lm of carbon isevapora t ed onto the f i l ter s u r f a c e and s m a l l areas arecut f r o m the f i l t e r . T h e s e sections are s u p p o r t e d onTEM specimen grids and the f i l t e r medium is dis-solved away by a solvent extraction procedure.
The TEM specimen grids f r o m either preparat ionmethod are examined at both low and h igh magni-
f i c a t i o n s to check that they are s u i t a b l e for a n a l y s i sb e f o r e carrying out a q u a n t i t a t i v e s t ruc ture count on
randomly-s e l e c t ed grid openings . I n t h e T E M a n a l y s i s ,
e l e c tron d i f f r a c t i o n (ED) is used to examine the crystalstructure of a f i b r e , and its e l emental composi t ion isdetermined by energy di sper s ive X-ray analys i s(EDXA). For a number of reasons, it is not p o s s i b l e to
i d e n t i f y each f i b r e unequivocally, and f i b r e s are clas-s i f i e d a c cord ing to the t e chniques which have beenused to i d e n t i f y them. A s i m p l e code is used to re-cord, for each f i b r e , the manner in which it was clas-s i f i e d . The f i b r e c l a s s i f i c a t i o n procedure i s based onsuccessive in sp e c t i on of the m o r p h o l o g y , the electrond i f f r a c t i o n pa t t ern for a selected area, and the qual-itative and quantitative energy di sper s ive X-ray ana-lyses. C o n f i r m a t i o n of the i d e n t i f i c a t i o n of chryso t i l eis done only by quantitative ED, and con f i rmat i on ofa m p h i b o l e is done on ly by q u a n t i t a t i v e EDXA and
q u a n t i t a t i v e zone axis ED.
In a d d i t i o n t o i s o la t ed f i b r e s , ambient a i r s a m p l e s o f -ten contain more c ompl e x aggr ega t e s of f i b r e s , withor without other part i c l e s . Some par t i c l e s are com-pos i t e s of asbestos f i br e s with other materials. Indi-vidual f i b r e s and structures that are more c ompl e x arere ferred to as "asbestos structures". A cod ing system
is used to record the t y p e of f i b r o u s s truc ture , and to
p r o v i d e the o p t i m u m d e s c r i p t i o n of each of these
c o m p l e x s tructures . The two codes remove the re-
quirement to in t erpre t the s t ruc ture c o u n t i n g d a t a
f rom the microscopis t , and a l l ow thi s e v a l u a t i o n to bemade later without the requirement for re-

examination of the TEM specimens. Several l e v e l s of „analysis are s p e c i f i e d , the higher level s p r o v i d i n g if
more rigorous approach to the i d e n t i f i c a t i o n of fibres^
The procedure permits a minimum required f i b r ei d e n t i f i c a t i o n criterion to be d e f i n e d on the basis of
previous knowledge , or lack of it, about the p a r t i c u l a r
s a m p l e . A t t e m p t s are then made to achieve t h i s min-imum criterion for each f i b r e , and the degree of suc-cess is recorded for each f i b r e . The l e n g t h s andwid th s of all c l a s s i f i e d s tructures and f i b r e s are re-
corded. The number of asbestos s tructures f o u n d on
a known area of the microscope sampl e , t o g e t h e rwith the equivalent volume of air f i l t e r e d through thi s
area, is used to calculate the airborne concentrationin asbestos s t ru c tur e s / l i t r e of air.

5 S y m b o l s of units and abbreviations
5.1 S y m b o l s of units (see a l s o ISO 4226 andI S O N o . 2 )
eV = electron volt
kV = k i l o v o l t
l / m i n = l i tre s per minute
ng = microgram (10~6 gram)
jim = micrometre (10~6 metre)
nm = nanometre (10~9 metre)
W = watt
5.2 Abbrev ia t i on s
D M F D i m e t h y l f o r m a m i d e
DE Electron d i f f r a c t i o n
EDXA Energy d i s p e r s i v e X-ray a n a l y s i s
F W H M F u l l width, h a l f maximum
H E P A H i g h e f f i c i e n c y p a r t i c l e ab s o lu t e
MEC Mixed esters of c e l l u l o s e
PC P o l y c a r b o n a t e
PCM Phase contrast o p t i c a l micro s copy
S A E D S e l e c t e d area electron d i f f r a c t i o n
S E M S c a n n i n g e l e c tron microscope
S T E M S c a n n i n g transmission electron microscop
T E M T r a n s m i s s i o n e l e c tron micro s cope
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6 Reagents
D u r i n g the ana ly s i s , un l e s s o therwi s e s t a t e d , u s e o n l y
reagents of recognized a n a l y t i c a l grade and water
( 6 . 1 ) .
WARNING — Use the reagents in accordance with
the a p p r o p r i a t e h ea l th and s a f e t y r egula t ions .
6.1 water, f i b r e - f r e e .
A s u p p l y o f f r e s h l y d i s t i l l e d , f i b r e - f r e e water, or an-
other source of f i b r e - f r e e , p y r o g e n - f r e e water s h a l l be
used.
6.2 C h l o r o f o r m , a n a l y t i c a l grade , d i s t i l l e d in g la s s ,
preserved wi th 1 % (V/V) e thano l .
6.3 1-Methyl-2-pyrro l idone .
6.4 D i m e t h y l f o r m a m i d e
6.5 G l a c i a l acetic acid.
6.6 Acetone.

7 A p p a r a t u s
7.1 Air s a m p l i n g —- Equipment and
consumable s u p p l i e s
7.1.1 F i l t e r cassette
Field moni tor s , c o m p r i s i n g 25 mm to 50 mm diam-eter three-piece ca s s e t t e s , with cowls which p r o j e c tl e s s than 2 cm in f r o n t of the fil ter s u r f a c e s h a l l beused f o r s a m p l e c o l l e c t i o n . The cassette s h a l l b eloaded with e i ther a c a p i l l a r y pore p o l y c a r b o n a t e f i l t e r
of maximum pore size 0,4 nm or an MEC or c e l l u l o s e
n i t r a t e f i l t e r of maximum pore size 0,45 nm. E i t h e r
t y p e of filter s h a l l be backed by a 5 nm pore size MEC
or c e l l u l o s e n i t ra t e f i l ter, and s u p p o r t e d by a c e l l u l o s e
back-up p a d . W h e n the f i l t e r s are in p o s i t i o n , an elas-t ic c e l l u l o s e band or adhes ive tap e s h a l l be a p p l i e d to
prevent air leakage. S u i t a b l e precaut ions s h a l l be
t ak en t o ensure tha t th e f i l t e r s ar e t i g h t l y c l a m p e d in
th e a s s e m b l y , s o t h a t s i g n i f i c a n t a ir l e a k a g e around
t h e f i l t e r cannot occur.
R e p r e s e n t a t i v e f i l t e r s f r o m t h e f i l t e r l o t s h a l l b e ana-
l y s e d as s p e c i f i e d in 9.7 for the pre s ence of asbes tos
s t r u c t u r e s b e f o r e any are used for air s a m p l e col-
l e c t i o n .

7.1.2 S a m p l i n g p u m p
The s a m p l i n g p u m p s h a l l b e c a p a b l e o f a f l o w - r a t es u f f i c i e n t t o achieve the des ired a n a l y t i c a l s en s i t i v i ty .T h e f a c e v e l o c i ty t h r o u g h t h e f i l t e r s h a l l b e between
4,0 c m / s and 25,0 cm/s . The s a m p l i n g p u m p useds h a l l p rov id e a n o n - f l u c t u a t i n g a i r f l o w t h r o u g h t h e f i l -
ter, and s h a l l maintain the i n i t i a l volume f l ow-ra t e to
w i t h i n ±10% t h r o u g h o u t the s a m p l i n g p e r i o d . A
constant f l o w o r c r i t i ca l o r i f i c e c o n t r o l l e d p u m p meets
these requirements. F l e x i b l e t u b i n g s h a l l be used to
connect the f i l t er cassette to the s a m p l i n g p u m p . A
means for ca l i b ra t i on of the f l o w - r a t e of each p u m p i s
a l so required.
7.1.3 S t a n d
A s tand s h a l l be used to ho ld the fi l ter ca s s e t t e at thedesired he igh t f o r s a m p l i n g , and s h a l l b e i s o l a t e d f r o m
the v ibrat ions o f the p u m p (7.1 .2).
7.1.4 V a r i a b l e area f l o w m e t e r
A ca l i bra t ed var iab l e are a f l o w m e t e r wi th a range of
a p p r o x i m a t e l y 1 l / m i n t o 10 l / m i n i s required for c a l i -
bration of the air s a m p l i n g system.
The var iab l e area f l o w m e t e r s h a l l b e c l eaned b e f o r euse to avoid t r a n s f e r of a sbe s to s c o n t a m i n a t i o n f r o m
the f l o w m e t e r t o th e s a m p l e b e i n g c o l l e c t e d .
7.2 S p e c i m e n p r e p a r a t i o n labora tory
A s b e s t o s , p a r t i c u l a r l y c h r y s o t i l e , i s pre sent in vary ing
q u a n t i t i e s in many laboratory reagents . M a n y b u i l d i n g
m a t e r i a l s a l s o contain s i g n i f i c a n t amount s o f a sbe s to s
or other mineral f i b r e s which may i n t e r f e r e w i th thea n a l y s i s i f they are i n a d v e r t e n t l y in t roduc ed d u r i n gp r e p a r a t i o n of spec imens . It i s most i m p o r t a n t to en-
sure t h a t , d u r i n g p r e p a r a t i o n , c o n t a m i n a t i o n o f T E Mspec imens by any extraneous asbes tos f i b r e s is min-
imized. A l l s p e c imen p r e p a r a t i o n s t e p s s h a l l t h e r e f o r e
be p e r f o r m e d in an environment where c o n t a m i n a t i o n
of the s a m p l e i s m i n i m i z e d . The p r i m a r y requirement
of the s a m p l e p r e p a r a t i o n l a b o r a t o r y i s that a b l a n k
d e t e r m i n a t i o n s h a l l y i e l d a r e su l t which w i l l meet the
requirements s p e c i f i e d in 9.7. A min imum f a c i l i t y
cons idered s u i t a b l e f o r p r e p a r a t i o n o f T E M s p e c i m e n s
is a laminar f l o w hood with po s i t i v e pressure. How-
ever, it has been e s t a b l i s h e d t h a t work p r a c t i c e s in
s p e c i m e n p r e p a r a t i o n a p p e a r to be more i m p o r t a n t
t h a n t h e t a p e o f c l ean h a n d l i n g f a c i l i t i e s i n use. P r e p -
a r a t i o n of s a m p l e s s h a l l be carried out o n l y a f t e r ac-
c e p t a b l e b l a n k value s have been d e m o n s t r a t e d .
NOTE 1 It i s recommended tha t a c t i v i t i e s i n v o l v i n g ma-
n i p u l a t i o n o f b u l k asbes tos s a m p l e s not be p e r f o r m e d in the
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same area as TEM specimen p r e p a r a t i o n , because of thep o s s i b i l i t i e s o f c o n t a m i n a t i n g th e TEM specimens.
7.3 Equipment for analysi s
7.3.1 Transmis s ion electron microscope

A TEM o p e r a t i n g at an ac c e l era t ing p o t e n t i a l of80 kV to 120 kV, with a r e so lu t ion be t t er than1,0 nm, and a m a g n i f i c a t i o n range of a p p r o x i m a t e l y
x 300 to x 100 000 sha l l be used. The a b i l i t y to ob taina direct screen m a g n i f i c a t i o n of about x 100 000 is

necessary for in spec t ion o f f i b r e m o r p h o l o g y this*-
m a g n i f i c a t i o n may be obtained by s u p p l e m e n t a r y oift i ca l en largement of the screen image by use of a
binocular if it cannot be obtained d i r e c t ly It is also
required that the viewing screen of the microscope
be ca l i bra t ed such that the l e n g t h s and w id th s of f i b r eimages down to 1 mm width can be measured in in-crements of 1 mm, r egard l e s s of image o r i e n t a t i o nThis requirement i s o f t e n ful f i l l ed through the use o f
a f l u o r e s c e n t screen with ca l ibrat ed grada t i on s in thef o r m of circles, as shown in f i g u r e 1.

Rgure 1 _ Exampl e of cal ibration markings on TEM viewing screen
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For Bragg a n g l e s less than 0,01 rad , the TEM s h a l l b ec a p a b l e of p e r f o r m i n g ED f r o m an area of 0,6 j i m 2 or
l e s s , s e l e c t ed f r o m an i n - f o c u s image at a screen
m a g n i f i c a t i o n of x 20 000. This p e r f o r m a n c e require-
ment d e f i n e s the minimum s e p a r a t i o n between p a r t i -
c le s at which i n d e p e n d e n t ED p a t t e r n s can be
obtained f r o m each p a r t i c l e . I f S A E D i s used, t h e
p e r f o r m a n c e o f a p a r t i c u l a r i n s t r u m e n t may n o r m a l l y
b e c a l c u l a t e d u s i n g th e f o l l o w i n g equa t i on

A = 0,785 4 x f A + 2 OOOCS0 3)\ M I
where

D

i s the e f f e c t i v e SAED area, in square
micrometres;
is the d i a m e t e r , in micrometre s , of the
S A E D aper ture;

M is the m a g n i f i c a t i o n of the o b j e c t i v e l en s ;
C s i s the s p h e r i c a l aberrat ion c o e f f i c i e n t , in

m i l l i m e t r e s , o f t h e o b j e c t i v e l en s ;
6 is the maximum required Bragg ang l e , in

radians.
I t i s n o t p o s s i b l e t o reduce t h e e f f e c t i v e S A E D area
i n d e f i n i t e l y b y t h e u s e o f p r o g r e s s i v e l y s m a l l e r S A E D
a p e r t u r e s , because there i s a f u n d a m e n t a l l i m i t a t i o n
impo s ed by the s p h e r i c a l aberra t ion c o e f f i c i e n t of the
o b j e c t i v e lens.
If zone-axis ED a n a l y s e s are to be p e r f o r m e d , theTEM s h a l l i n c o r p o r a t e a gon iome t e r s tage which per-
mit s the TEM s p e c i m e n to be e i t h e r
a ) ro ta t ed t h r o u g h 3 6 0 ° . combined with t i l t i n g

t h r o u g h at l ea s t + 30° to - 30° about an axis in
the p l a n e o f th e s p e c imen;

b) t i l t e d t h r o u g h at least -f 30° to - 30° about twop e r p e n d i c u l a r axes in the p l a n e of the specimen.
T h e a n a l y s i s i s g r e a t l y f a c i l i t a t e d i f t h e g o n i o m e t e r
p e r m i t s eucentr i c t i l t ing , a l t h o u g h t h i s i s no t e s s e n t i a l .
If EDXA and zone-axis ED are required on the same
f i b r e , the g o n i o m e t e r s h a l l be o f a t y p e which p e r m i t s
ti l t ing of the spe c imen and acqui s i t i on of EDXA spec-
tra w i thou t c h a n g i n g th e s p e c i m e n h o l d e r .
T h e T E M s h a l l have a n i l l u m i n a t i o n a n d condens er
l e n s sy s t em c a p a b l e o f f o r m i n g an e l e c tron probe o f
d i a m e t e r l e s s t h a n 250 nm.
NOTE 2 Use o f an a n t i - c o n t a m i n a t i o n t r a p around the
s p e c i m e n i s recommended i f the required i n s t r u m e n t a l
p e r f o r m a n c e is to be o b t a i n e d .

7.3.2 Energy d i sp er s iv e X-ray analyser
T h e T E M s h a l l b e e q u i p p e d wi th a n energy d i s p e r s i v e
X-ray a n a l y s e r c a p a b l e o f a c h i e v i n g a r e s o l u t i o n b e t t e r
than 180eV ( F W H M ) o n t h e M n K a . S i n c e t h e per-
f o r m a n c e o f i n d i v i d u a l c omb ina t i on s o f T E M a n d
EDXA equipment is d e p e n d e n t on a number of ge-
ometrical f a c t o r s , the required p e r f o r m a n c e of the
c o m b i n a t i o n of the TEM and X-ray a n a l y s e r i s spec i-
f i e d in terms of the measured X-ray i n t e n s i t y ob ta inedf r o m a f i b r e of s m a l l d iame t e r , us ing a known e l e c t r on
beam diameter . Solid s ta t e X-ray d e t e c t o r s are leas t
sensi t ive in the low energy region, and so measure-ment of s od ium in c r o c i d o l i t e s h a l l be the p e r f o r m -
ance cr i t e r i on . The c o m b i n a t i o n o f e l e c t r o n
micro s cope and X-ray a n a l y s e r s h a l l y i e l d , under rou-
t ine a n a l y t i c a l c o n d i t i o n s , a b a c k g r o u n d - s u b t r a c t e dNaKa i n t e g r a t e d p e a k count rate of more t h a n 1 count
per second ( c p s ) f r o m a f i b r e o f UICC croc ido l i t e ,50 nm in d i a m e t e r or s m a l l e r , when i r r a d i a t e d by ane l e c tron probe of 250 nm d iame t e r or s m a l l e r at an
a c c e l e r a t i n g p o t e n t i a l o f 80 kV. The p e a k / b a c k g r o u n d
ratio f or t h i s p e r f o r m a n c e test s h a l l exceed 1,0.
The EDXA unit s h a l l provide the means for sub trac t ion
o f the b a c k g r o u n d , i d e n t i f i c a t i o n o f e l e m e n t a l p eak s ,and c a l c u l a t i o n o f ba ckground- sub t ra c t ed peak areas.
7.3.3 C o m p u t e r
Many r ep e t i t i v e numerical c a l c u l a t i o n s are necessary,
and the s e may be p e r f o r m e d c o n v e n i e n t l y by rela-
t i v e l y s i m p l e c o m p u t e r programmes . F o r a n a l y s e s o f
zone-axis ED p a t t e r n measurements , a c o m p u t e r with
a d e q u a t e memory is required to a c commodat e the
more c o m p l e x p r o g r a m m e s invo lv ed .
7.3.4 Pla sma asher
F o r p r e p a r a t i o n o f T E M s p e c i m e n s f r o m M E C f i l t e r s ,
a p l a s m a asher, with a radio f r e q u e n c y power r a t i n g
of 50 W or h i g h e r , s h a l l be used to etch the s u r f a c e
o f c o l l a p s e d M E C f i l t e r s . T h e asher s h a l l b e s u p p l i e dwi th a c o n t r o l l e d oxygen f l o w , and s h a l l b e m o d i f i e d ,
i f necessary, to p r o v i d e a valve to contro l the spe ed
of air a d m i s s i o n so that r a p i d air a d m i s s i o n does not
d i s t u r b p a r t i c u l a t e s f r o m t h e s u r f a c e o f t h e f i l t e r a f t e r
t h e e t c h i n g s t e p .
N O T E 3 I t i s recommended tha t f i l t e r s b e f i t t e d t o t h e
oxygen s u p p l y and th e a i r a d m i s s i o n l in e .

7.3.5 Vacuum coa t ing unit
A vacuum c o a t i n g u n i t c a p a b l e o f p r o d u c i n g a vacuum
b e t t e r than 0,013 Pa s h a l l be used for vacuum de-
p o s i t i o n o f carbon on the membrane f i l t e r s . A s a m p l e
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h o l d e r is required which w i l l a l l o w a g la s s microscope
s l i d e to be c o n t i n u o u s l y rotated d u r i n g the coat ing
procedure.
NOTE 4 A mechanism which also a l lows the r o ta t ings l i d e to be t i l t e d t hrough an a n g l e of a p p r o x i m a t e l y 45°d u r i n g the coat ing procedure is recommended. A liquid ni-trogen cold t r a p above the d i f f u s i o n p u m p may be used tominimize the p o s s i b i l i t y of contaminat ion of the f i l t er sur-fac e s by oil f rom the p u m p i n g system. The vacuum coatingunit may also be used for d e p o s i t i o n of the t h i n f i lm of g o l d ,or other ca l i b ra t i on m a t e r i a l , when it is required on TEMspecimens as an internal ca l i bra t i on of ED pat t e rn s .
7.3.6 S p u t t e r coater
A s p u t t e r coater with a gold target may be used for
d e p o s i t i o n of go ld onto TEM sp e c imens as an i n t e g r a lc a l i b r a t i o n o f ED p a t t e r n s . Other c a l i b r a t i o n m a t e r i a l s
are acceptable . Experience has shown that a s p u t t e r
coater a l l o w s be t t er control of the t h i c k n e s s of thec a l i b r a t i o n material.
7.3.7 Solvent washer (Jaffe washer)
The p u r p o s e o f t h e Jaf f e washer i s t o a l l o w d i s s o l -ut ion o f the f i l t er p o l y m e r whi l e l e a v i n g an intactevaporated carbon f i l m s u p p o r t i n g t h e f i b r e s a n d
other p a r t i c l e s f r o m th e f i l t e r s u r f a c e . One d e s i g n o f

a washer which has been f o u n d s a t i s f a c t o r y for vartr"
ous so lvent s and f i l t e r media is shown in f i g u r e 2. Ir*
general, either ch l oro f orm or 1-methyl-2-pyrro!idonehas been used for d i s s o l v i n g p o l y c a r b o n a t e f i l t e r s andd i m e t h y l f o r m a m i d e or acetone has been used for
d i s s o lv ing MEC or c e l lu lo s e nitrate f i l t e r s . The higherevapora t i on rates of c h l o r o f o r m and acetone require
that a reservoir of 10 ml to 50' ml of so lvent be used,which may need r e p l e n i s h m e n t dur ing the procedure.
D i m e t h y l f o r m a m i d e and 1-me thy l-2-pyrro l idone havelower vapour pressures and much s m a l l e r volumes
of solvent may be used. It is recommended that allwashers be used in a f u m e hood, and when spec i-mens are not being inserted or removed, the Petr i
d i sh l id s h a l l be in p l a c e d u r i n g the s o lvent d i s s o l u t i o n .The washer sha l l be cleaned b e f or e it is used for eachbatch of spec imens.
7.3.8 Condensation washer
For more rapid d i s s o l u t i o n o f the f i l t er p o l y m e r , or i fd i f f i c u l t i e s are experienced in d i s s o l v i n g the f i l t erp o l y m e r , use a condensat ion washer, c o n s i s t i n g of af l a s k , condenser and cold f i n g e r a s s e m b l y , with ah e a t i n g mant l e and means for c o n t r o l l i n g the temper-ature. A s u i t a b l e a s s embly is shown in f i g u r e s , u s ingei ther acetone or c h l o r o f o r m as the s o l v e n t , d e p e n d -ing on the type of f i l t e r .

Electron microscopespecimens
G l a s s Petri di sh(0100 mm x 15 mm)

Dimensions in c ent imetre s

S t a i n l e s s steel meshbr idge (50 mesh)

• Lens tissue
NOTE — S o l v e n t i s a d d e d u n t i l the meniscus contacts the u n d e r s i d e of the s t a in l e s s steel mesh br idge .

F i g u r e 2 — E x a m p l e of d e s i g n of solvent washer (Jaffe washer)
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Condenser

S p e c i m e n

W a t e r drain

C o l d water source

T h e r m o s t a t i c a l l y con tro l l edh e a t i n g mant l e

' " l l l l l l l l l l
Rgure 3 — E x a m p l e of de s ign of condensation washer

7.3.9 S l i d e warmer or oven
Use either a s l id e warmer or an oven for heat ings l i d e s d u r i n g t h e p r e p a r a t i o n o f T E M spe c imens f r o m
MEG or c e l l u l o s e nitrate f i l t e r s . It is required to main-
ta in a t e m p e r a t u r e o f 6 5 ° C t o 7 0 ° C .

7.3.10 U l t r a s o n i c bath
An u l t r a s o n i c bath i s necessary for c l e a n i n g the a p p a -ratus used f or TEM specimen pr epara t i on .

7.3.11 Carbon grat ing repl i ca
A carbon g r a t i n g r ep l i ca w i th about 2 000 p a r a l l e l l i n e s
per m i l l i m e t r e s h a l l be used to ca l i bra t e the magni-
f i c a t i o n o f t h e T E M .

7.3.12 C a l i b r a t i o n specimen g r i d s for EDXA
T E M s p e c i m e n gr id s p r e p a r e d f r o m d i s p e r s i o n s o f
ca l i bra t i on minerals are required for ca l i b ra t i on of the
EDXA system. S o m e s u i t a b l e c a l i b r a t i o n mineral s are
riebecki te , chry so t i l e , h a l l o y s i t e , p h l o g o p i t e , wol las-
t o n i t e a n d b u s t a m i t e . T h e mineral used f o r c a l i b r a t i o n

of the EDXA system for sodium sha l l be prepared
us ing a g o l d TEM grid.
7.3.13 Carbon rod sharpener
The use of necked carbon rods, or e q u i v a l e n t , a l l o w sthe carbon to be evaporated onto the f i l t e r s with aminimum of hea t ing.
7.3.14 Dispo sab l e t ip m i c r o p i p e t t e s
A d i s p o s a b l e t i p m i c r o p i p e t t e , c a p a b l e o f t r a n s f e r r i n ga volume of a p p r o x i m a t e l y 30 nl, is necessary for thep r e p a r a t i o n o f T E M spec imen g r i d s f r o m M E C f i l t e r s .
7.4 Consumabl e s u p p l i e s
7.4.1 C o p p e r electron microscope grids
C o p p e r TEM gr id s with 200 mesh are r e commended.
G r i d s which have grid o p e n i n g s of u n i f o r m size such
that th ey meet the requirement s p e c i f i e d in 9.6.2 s h a l l
be chosen. To f a c i l i t a t e the re locat ion of i n d i v i d u a l gr id
o p e n i n g s f o r q u a l i t y assurance p u r p o s e s , t h e u s e o f
grids with numerical or a l p h a b e t i c a l i n d e x i n g of indi-
v i d u a l grid o p e n i n g s i s r e commended.
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7.4.2 G o l d electron microscope grids
G o l d TEM grid s with 200 mesh are recommended to
mount TEM s p e c i m e n s when sodium measurementsare required in the f i b r e i d e n t i f i c a t i o n procedure. G r i d swhich have grid o p e n i n g s of u n i f o r m size such that
t h e y meet the requirement s p e c i f i e d in 9.6.2 s h a l l be
chosen. To f a c i l i t a t e the re locat ion o f i n d i v i d u a l grid
o p e n i n g s for q u a l i t y assurance p u r p o s e s , the u s e o fg r i d s with numerical or a l p h a b e t i c a l i n d e x i n g of indi-
v idua l grid o p e n i n g s is recommended.
7.4.3 Carbon rod electrodes
S p e c t r o c h e m i c a l l y pure carbon rods, s h a l l be used in
the vacuum evaporator (7.3.5) d u r i n g carbon coa t ing
o f f i l t e r s .
7.4.4 Routine electron microscopy too l s and
s u p p l i e s
F i n e - p o i n t tweezers, s c a l p e l ho lder s and b lade s , mi-
croscope s l i d e s , double-coated adhesive t a p e , l en s
t i s s u e , g o l d wire, t u n g s t e n f i l a m e n t s and other rout ine
s u p p l i e s are required.
7.4.5 Reference asbestos s ampl e s
A s b e s t o s s a m p l e s , s h a l l b e f or p r e p a r a t i o n o f re fer-
ence TEM specimens of the primary asbestos min-erals. T h e U I C C s e t o f minera l s i s s u i t a b l e f o r t h i sp u r p o s e .
8 Air s a m p l e c o l l e c t i on
The de s i r ed a n a l y t i c a l s e n s i t i v i t y i s a parame t e r thats h a l l b e e s t a b l i s h e d for the ana ly s i s pr ior to s a m p l ec o l l e c t i on . It is d e f i n e d as the structure concentration
c o r r e s p o n d i n g to the d e t e c t i on of one s truc ture in theanalys i s . F o r direct t r a n s f e r me thod s o f T E M speci-men p r e p a r a t i o n , the a n a l y t i c a l s e n s i t i v i t y i s a f u n c t i o nof the volume of air s a m p l e d , the active area of thec o l l e c t i o n f i l t er , and the area o f the TEM s p e c i m e n
over which s tructure s are counted. If to ta l airborne
dus t l e v e l s are h i g h , it may be necessary to t e r m i n a t es a m p l i n g before the required volume has been sam-p l e d . I f t h i s h a p p e n s , t h e a n a l y t i c a l s e n s i t i v i t y requiredcan be achieved on ly by c o u n t i n g s tructures on more
grid o p e n i n g s , or by s e l e c t ive c onc en tra t i on of
asbestos s t ruc ture s u s i n g an ind ir e c t TEM s p e c i m e n
p r e p a r a t i o n t echnique. S e l e c t th e s a m p l i n g rate and
the p e r i o d o f s a m p l i n g to y i e l d the required a n a l y t i c a l
s e n s i t i v i t y , as d e t a i l e d in t a b l e 1. Before air s a m p l e s

are c o l l e c t e d , unused f i l t e r s s h a l l be analysed as dê .
scribed in 9.7 to de t ermine the mean asbestos s trucT
ture count f o r b l a n k f i l t e r s .
A i r s a m p l e s s h a l l b e c o l l e c t e d u s i n g f i l t e r cas s e t t e s( 7 . 1 . 1 ) . D u r i n g s a m p l i n g , the casset te s h a l l b e sup-
ported on a stand ( 7 . 1 . 3 ) which is i s o l a t e d f r o m the
vibrations o f the p u m p ( 7 . 1 . 2 ) . The cassette s h a l l be
held f a c i n g v e r t i c a l l y downwards at a h e i g h t of ap-
p r o x i m a t e l y 1,5 m to 2,0 m above g r o u n d / f l o o r l e v e l ,
and s h a l l be connected to the p u m p with a f l e x i b l etube. -
Measure the s a m p l i n g f low-rate at the f r o n t end ofthe cas se t t e , both at the b e g i n n i n g and end of thes a m p l i n g p e r i o d , u s ing a c a l i b r a t e d variab l e areaf l o w m e t e r (7.1.4) t e m p o r a r i l y a t tached to the i n l e t o f
the cassette. The mean value of these two mea-
surements s h a l l be used to c a l c u l a t e the to ta l air vol-ume s a m p l e d .
Basic s t ra t eg i e s f or mon i t o r ing environmental sources
of airborne asbestos are de s cr ibed in annex G. Afters a m p l i n g , a cap s h a l l be p l a c e d over the open end of
the cassette, and the casse t te packed with the f i l t erf a c e - u p w a r d s f o r return t o t h e laboratory. F i e l d b l a n kf i l t e r s s h a l l a l so be i n c l u d e d , as s p e c i f i e d in 9.7, andsubmi t t ed to the remaining a n a l y t i c a l p r o c e d u r e sa l o n g with th e s a m p l e s .
N O T E S
5 In t a b l e 1 a c o l l e c t i o n filter area of 385 mm2 is as sumed,and the TEM grid o p e n i n g s are assumed to be 85 nm2

square. The l i m i t of de t e c t ion is d e f i n e d as the u p p e r 95 %c o n f i d e n c e l i m i t of the Poisson d i s t r i b u t i o n for a count of0 structures. In the absence of background, th i s is equal to2,99 times the ana ly t i ca l s ens i t iv i ty. Backgrounds that ared i f f e r e n t f r o m 0 observed d u r i n g a n a l y s i s o f b l ank f i l t e r s w i l ld e g r a d e the l i m i t o f de t e c t ion.
6 The a n a l y t i c a l s e n s i t i v i t y 5, expre s s ed in number ofs tructures per l i tre , i s c a l c u l a t e d using the f o l l o w i n gequation:

S =
where

A
k
V

kAgV

is the active area, in square m i l l i m e t r e s , ofs a m p l e c o l l e c t i o n f i l t e r ;
is the mean area, in square m i l l i m e t r e s , of g r i do p e n i n g s examined;
i s the number of gr id o p e n i n g s e x a m i n e d ;
is the volume of air s a m p l e d , in l i t r e s .

10
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T a b l e 1 — E x a m p l e s of the minimum number of grid openings required to achieve a p a r t i c u l a r ana ly t i ca lsensitivity and l imit of detec t ion
A n a l y t i c a lsensitivity

s t r u c t u r e s / I
0,1
0,2
0.3
0,4
0,5
0,7
1,0
2.0
3,0
4,0
5,0
7,0
10

Limit of
de tec t ion

s t r u c t u r e s / I
0,30
0,60
0,90
1,2
1,5
2,1
3,0
6.0
9,0
12
15
21
30

500
1 066
533
356
267
214
153
107
54
36
27
22
16
11

1 000
533
267
178
134
107.
77
54
27
18
14
11
8
6

V o l u m e of air
2000
267
134
89
67
54
39
27
14
9
7
6
4
4

s ampl ed { l i t r e s ]
3000

178
89
60
45
36
26
18
9
6
5
4
4
4

4000
134
67
45
34

•27
20
14
7
5
4
4
4
4

5000
107
54
36
27
22
16
11
6
4
4
4
4
4

9 Procedure for analys i s
9.1 General
The t e chnique s used to p r e p a r e TEM spec imens ared i f f e r e n t f o r p o l y c a r b o n a t e a n d c e l l u l o s e ester f i l t e r s .The p r e p a r a t i o n method to be used s h a l l be e i ther 9.3or 9.4, d e p e n d i n g on the t y p e of membrane f i l t e r usedfor a i r s a m p l i n g . C l e a n i n g o f t h e s a m p l e cassettes
b e f o r e they are o p e n e d , p r e p a r a t i o n of the carbon
evaporator, cr i t er ia f or a c c e p t a b l e sp e c imen g r i d s , andthe requirement for b lank de t erminat i on s are identicalf o r t h e t w o p r e p a r a t i o n techniques. T E M examina t i on ,s truc ture c ount ing , f i b r e i d e n t i f i c a t i o n a n d r e p o r t i n gof r e s u l t s are i n d e p e n d e n t of the type of f i l ter or
preparat ion technique used.
The a b i l i t y to meet the b l a n k s a m p l e cri teria i s de-p e n d e n t on the c l e a n l i n e s s of equipment and sup-p l i e s . C o n s i d e r a l l s u p p l i e s such a s microscope s l i d e s
and glas sware as p o t e n t i a l sources of asbestos con-
t a m i n a t i o n . It i s necessary to wash all g las sware be-
f o r e it is used. Wash any t o o l s or glassware which
corne into contact with the air s a m p l i n g f i l t e r s or TEM
specimen p r e p a r a t i o n s both be fore use and between
h a n d l i n g o f i n d i v i d u a l s a m p l e s . W h e r e p o s s i b l e ,d i s p o s a b l e s u p p l i e s shou ld b e used.
9.2 C l e a n i n g of s a m p l e cassettes
A s b e s t o s f i b r e s can a d h e r to the ex t er ior s u r f a c e s o f
air s a m p l i n g cas s e t t e s , and these f i b r e s can be inad-

v e r t e n t l y t r a n s f e r r e d t o t h e s a m p l e d u r i n g h a n d l i n g .To prevent t h i s p o s s i b i l i t y o f c o n t a m i n a t i o n , and a f t e r
en sur ing that the cassette i s t i g h t l y s e a l e d , wipe theexterior sur face s of each s a m p l i n g cassette b e fore iti s p l a c e d in the c lean f a c i l i t y or l a m i n a r f l o w hood.
9.3 Direct p r e p a r a t i o n of TEM specimensf r o m p o l y c a r b o n a t e f i l t e r s
9.3.1 S e l e c t i o n of f i l t e r area for carbon coating
Use a cleaned microscope s l i d e to suppor t represen-
tative p o r t i o n s of po lycarbona t e f i l t e r d u r i n g the car-bon evapora t i on . Double-coated adhesive t a p e is usedto a t tach the f i l t er por t i on s to the g l a s s s l i d e . T a k e
care not to stretch the polycarbonate f i l t e r s dur ingh a n d l i n g . U s i n g f r e s h l y cleaned tweezers, remove thep o l y c a r b o n a t e f i l t e r f r o m t h e s a m p l i n g cas se t t e , a n dp l a c e it on to a second cleaned g l a s s microscope s l i d e
which is used as a c u t t i n g sur face . U s i n g a f r e s h l y
c l eaned curved s c a l p e l b l a d e , cut the f i l t e r by rockingthe b l a d e f r o m the p o i n t , p r e s s i n g i t into contact with
the f i l ter. Repea t the proces s as necessary. Several
such p o r t i o n s may be mounted on the same micro-s cope s l i d e . The s c a l p e l b l a d e and tweezers s h a l l b ewashed and d r i e d between the h a n d l i n g o f each f i l t er .
I d e n t i f y t h e f i l t e r p o r t i o n s b y w r i t i n g o n t h e g l a s s s l i d e .
9.3.2 Carbon coating of f i l t e r por t ions
P l a c e t h e g l a s s s l i d e h o l d i n g t h e f i l t e r p o r t i o n s o n t h e
r o t a t i o n - t i l t i n g device, a p p r o x i m a t e l y 10 cm to 12 cm
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f r o m the evaporation source, and evacuate the
evaporator chamber (7.3.5) to a vacuum better than
0,013 Pa. The e v a p o r a t i o n of carbon s h a l l be per-
f o r m e d in very short burs t s , s epara t ed by a few sec-onds to a l l o w the electrodes to cool. If evaporation
of carbon is too r a p i d , the s t r i p s of p o ly carbona t e f i l terw i l l begin to cur l , and cro s s- l inking of the s u r f a c e w i l l
occur. T h i s cross-linking procedures a layer of po lymerwhich is r e la t iv e ly i n s o l u b l e in organic s o lv en t s , and itw i l l not be p o s s i b l e to p r epar e s a t i s f a c t o r y TEMspec imens . The th i ckne s s of carbon required is de-
pendent on the size of par t i c l e s on the f i l t e r , and ap-p r o x i m a t e l y 30 nm to 50 nm has been f o u n d to be
s a t i s f a c t o r y . I f t h e carbon f i l m i s t o o t h i n , large par t i -cles will break out of the f i l m dur ing; the later stagesof prepara t i on , and there will be few comple t e andundamaged grid o p e n i n g s on the specimen. Too t h i c ka carbon film wi l l l ead to a TEM image which is lack-ing in contrast, and the a b i l i t y to obtain ED patternsw i l l b e c ompromi s ed . The carbon f i l m th i cknes s
s h o u l d be the minimum p o s s i b l e , whi l e r e ta in ing most
of the grid o p e n i n g s of the TEM spec imen intact.

9.3.3 Prepara t i on of the Jaffe washer
P l a c e several pieces of lens t i s sue , as shown inf i g u r e 2, on the s t a i n l e s s steel br idge ( 7 . 1 . 3 ) and f i l lthe washer (see 7.3.7) with ch l oro f o rm (6.2) or
1 - m e t h y l - 2 - p y r r o l i d o n e (6.3) to a level where themeniscus c on ta c t s the u n d e r s i d e of the mesh, re-
s u l t i n g in sa tura t i on of the l ens tissue.

9.3.4 Plac ing of specimens in the Jaffe washer
U s i n g a curved s c a l p e l b l a d e , cut three 3 mm squarepieces o f carbon-coated p o l y c a r b o n a t e f i l t er f o r m thecarbon-coated filter port ion. Selec t three squares torepresent the centre and the p e r i p h e r y of the active
s u r f a c e o f the f i l t er . Place each square of f i l t er , carbonside up, on a TEM specimen grid, and p lace the grid
and fi l ter on the saturated lens tissue in the Jaffewasher. P l a c e the three spec imen gr id s f r o m one
s a m p l e on the same piece of l en s tissue. Any numberof separate pieces of lens tissue may be placed in thesame J a f f e washer. Cover t h e J a f f e washer with t h e
lid, and a l l o w the washer to stand for at least 8 h.
NOTE 7 It ha s been f o u n d that some p o l y c a r b o n a t e f i l -ters wi l l not c o m p l e t e l y d i s so lve in the Jaffe washer, evena f t e r exposure to chloroform for as long as 3 d. T h i s prob-
lem is more severe if the s ur fa c e of the filter was over-heated d u r i n g th e carbon evaporat ion. It ha s been f o u n d
that the problem of residual undissolved f i l t e r polymer can
be overcome in several ways:
a) condensation washing of the grids, using ch loro form as

t h e s o l v e n t , a f t e r t h e i n i t i a l J a f f e washer t r e a t m e n t , c a n

o f t e n remove much of the residual filter medium in a-period of a p p r o x i m a t e l y 30 min. To carry out th i s prc'
cedure, t r a n s f e r the piece of lens tissue s u p p o r t i n g the-specimen grids to the cold f i n g e r of the condensationwasher (7.3.8), which has achieved s tab l e o p e r a t i n gconditions. Operate the washer for a p p r o x i m a t e l y30 min a f t e r inserting the grids;

b) used in a Jaffe washer, 1-methyl-2-pyrrolidone has beenf o u n d to be a more e f f e c t i v e solvent than chloroformfor polycarbonate f i l t e r s . T h i s solvent i s more e f f e c t i v eif the lens paper is not used and grids are p laced di-rectly on the s tainle s s steel mesh of the Jaffe washer.A d i s s o l u t i o n period of 2 h to 6 h has been f o u n d to besa t i s fac tory. After di s so lut ion is comple t e , remove thes t a i n l e s s steel mesh f r o m the Jaffe washer and a l l owthe g r i d s to dry. 1-methyl-2-pyrro l idone evaporate s veryslowly. If it is required to dry the grids more r a p i d l y ,t r a n s f e r the s t a i n l e s s steel bridge into another Petr idi sh , and add water ( 6 . 1 ) unti l the meniscus contactsthe underside of the mesh. After a p p r o x i m a t e l y15 min, remove the mesh and a l l o w the g r i d s to dry. If
it is desired to retain water-soluble p a r t i c l e species onthe TEM grids, ethanol may be used instead of water(6.1) for the second wash;

c) a mixture of 20% 1,2-diaminoethane[ e t h y l e n e d i a m i n e ] and 80 % 1-methyl-2-pyrrol idone,used in a Jaffe washer, c o m p l e t e l y d i s s o l v e spolycarbonate f i l t e r s in 15 min, even if the sur face ofthe filter has been overheated. To use t h i s solven*p la c e the grids d ir e c t ly on the s ta in l e s s steel mesh cthe Jaffe washer, do not use the lens paper . After aperiod of 15 min, t r a n s f e r the s t a in l e s s steel b r i d g e intoanother Petri dish, and add water (6.1) until themeniscus contact s the underside of the mesh. Aftera p p r o x i m a t e l y 15 min, remove the mesh and a l l o w thegrids to dry. If it is desired to retain water-soluble par-t i c l e species on the TEM g r i d s , e thanol may be usedins t ead of water (6.1) for the second wash.

9.3.5 Rapid preparat ion of TEM specimens f romPC f i l t e r s
TEM specimens can be prepared r a p i d l y f rom PC f i l -ters, if de s ired, by washing for a p p r o x i m a t e l y 1 h in aJaffe washer, f o l l o w e d by washing for 30 min in aconden sa t i on washer using c h l o r o f o r m as the solvent.
The al ternative f i l t e r d i s s o l u t i o n procedures describedin note 7 may al so be used.

9.4 Direct p r e p a r a t i o n of TEM spec imens
from c e l l u l o s e ester f i l t e r s
9.4.1 Sel e c t i on of area of f i l t e r for preparat ion
U s i n g c l ean tweezers, remove t h e f i l t e r f r o m t h e f i l t ecassette, and p l a c e it on a c leaned microscope s l i d e
U s i n g a clean, curved s ca lp e l b l a d e , cut out a p o r t i o no f t h e f i l t e r .
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9.4.2 P r e p a r a t i o n o f s o l u t i o n for c o l l a p s i n g
c e l l u l o s e ester f i l t e r s
Mix 35 ml of d i m e t h y l f o r m a m i d e (6.4), and 15 ml of
g l a c i a l ace t i c acid (6.5) with 50 ml of water (6.1). S t o r e
t h i s mixture in a c l ean b o t t l e , The mix ture i s s t a b l eand s u i t a b l e f or u s e f or up to 3 months a f t e r pr epara-
tion.

9.4.3 Rlter c o l l a p s i n g procedure
U s i n g a m i c r o p i p e t t e with a d i s p o s a b l e t ip (7.3.14),
p l a c e 15 n l / c m 2 to 25 j i l / c m 2 of the s o l u t i on preparedin 9.4.2 on a c l eaned microscope s l i d e , and us ing theend of the p i p e t t e t i p , spread the l i q u i d over the area
to be occupied by the f i l t er por t ion. P l a c e the f i l t erp o r t i o n , active s u r f a c e upwards , on top of the sol-
u t i o n , l ower ing the edge of the f i l ter at an a n g l e ofabout 20° so that air b u b b l e s are not created. Remove
any s o l u t i o n not absorbed by the filter by a l l o w i n g a
p a p e r tissue to contact the l iqu id at the edge of the
f i l ter. More than one f i l ter p o r t i o n may be p l a c e d onone s l i d e . P l a c e the s l i d e e i t h er on a t h e r m o s t a t i c a l l yc o n t r o l l e d s l i d e warmer (7.3.9) at a t e m p e r a t u r e of
6 5 ° C t o 7 0 ° C , o r i n a n oven (7.3.9) a t t h i s t emper-ature, f or 10 min. The f i l t er c o l l a p s e s s l o w l y to about
15 % of its o r i g i n a l th icknes s . The pro c edur e leavesa t h i n , t r a n s p a r e n t p o l y m e r f i l m , with p a r t i c l e s a n d f i -
bres embedded in the u p p e r surface .

9.4.4 Pta sma e tching of the f i l t e r s ur fac e
T h e o p t i m u m c o n d i t i o n s a n d t ime f o r p l a s m a e t c h i n g
(see 7.3.4) have been d e t e r m i n e d e x p e r i m e n t a l l y f r o mthe recovery of f i n e c h r y s o t i l e fibrils on 0,8 n.m pore
size MEC f i l t e r s . The c o n d i t i o n s required in a p a r t i c u l a rp l a s m a asher s h a l l be e s t a b l i s h e d using the proc edure
s p e c i f i e d in annex A. P l a c e the microscope s l i d eh o l d i n g t h e c o l l a p s e d f i l t e r p o r t i o n s i n t h e p l a s m a
asher, and etch for the t ime and under the c o n d i t i o n sd e t e r m i n e d . T a k e care to ensure that the correct
c o n d i t i o n s are r e spe c t ed . After e t c h i n g , admit a irs l o w l y to the chamber and remove the microscope
s l i d e .
A d j u s t the a ir a d m i s s i o n valve o f the p l a s m a asher
such that the t ime taken for the chamber to reach at-
m o s p h e r i c pre s sure exc e ed s 2 min. R a p i d air admis-
sion may d i s t u r b p a r t i c u l a t e s on the s u r f a c e of the
etched f i l t e r .

9.4.5 Carbon coa t ing
Coat t h e m i c r o s c o p e s l i d e h o l d i n g t h e c o l l a p s e d f i l t e r
p o r t i o n s w i th carbon as s p e c i f i e d in 9.3.2.

9.4.6 Prepara t i on of the Jaffe washer
P l a c e several p iece s of l en s t i s su e on the s t a i n l e s s
s tee l b r i d g e , and f i l l t h e washer wi th
d i m e t h y l f o r m a m i d e (6.4) or acetone ( 6 . 6 ) to a l eve lwhere the meniscus contacts the u n d e r s i d e of themesh, r e s u l t i n g in s a t u r a t i o n of the l ens t i s su e .
9.4.7 P l a c i n g of specimens in the Jaffe washer
P l a c e the spe c imens in the Jaf f e washer a s s p e c i f i e d
in 9.3.4. S p e c i m e n s are n o r m a l l y c l eared a f t e r ap-p r o x i m a t e l y 4 h.
9.4.8 Rapid pr epara t i on of TEM spec imens f r o mc e l l u l o s e ester f i l t e r s
An a l t e r n a t i v e wa sh ing pro c edur e may be used top r e p a r e T E M s p e c i m e n s f r o m c e l l u l o s e ester f i l t e r s
more r a p i d l y than can be achieved by the Jaffe
wash ing procedure . After the sp e c imens have been
washed in a Jaffe washer for a p p r o x i m a t e l y 1 h,
t r a n s f e r th e piece o f lens t i s sue s u p p o r t i n g th e
spec imens to the cold f i n g e r of a c o n d e n s a t i o nwasher (7.3.8) o p e r a t i n g with acetone as the s o lv en t
because d i m e t h y l f o r m a m i d e s h a l l not be used in aconden sa t i on washer. Opera t e the c o n d e n s a t i o n
washer for a p p r o x i m a t e l y 30 min. This t r e a t m e n t re-moves a l l t h e r e m a i n i n g f i l t e r po lymer .
9.5 Criteria for a c c e p t a b l e TEM spec imen
gr id s
Valid data cannot b e ob ta ined u n l e s s th e TEM spec i-mens meet s p e c i f i e d q u a l i t y c r i t e r ia . Examine the
TEM sp e c imen grid in the e l e c t r o n mi cro s c ope at as u f f i c i e n t l y low m a g n i f i c a t i o n (x 300 to x 1 000) for
c ompl e t e grid op en ing s to be in spe c t ed . Rejec t thegrid i f
a) the TEM s p e c i m e n has no t been c l eared o f f i l t er

m e d i u m b y t h e f i l t e r d i s s o l u t i o n s t ep . I f t h e T E M
s p e c imen e x h i b i t s areas o f u n d i s s o l v e d f i l t e r me-d ium, and if at l eas t two of the three s p e c i m e n
gr id s are not c l e a r e d , e i t h e r a d d i t i o n a l wa sh ingwith so lvent s h a l l be carried out, or new speci-mens s h a l l b e p r e p a r e d f r o m the f i l t e r;

b ) t h e s a m p l e i s over loaded with p a r t i c u l a t e . I f t h e
sp e c imen grid e x h i b i t s more t h a n a p p r o x i m a t e l y
10% o b s c u r a t i o n on the m a j o r i t y of the g r i d
o p e n i n g s , the s p e c i m e n s h a l l be d e s i g n a t e d as
o v e r l o a d e d . T h i s f i l t e r cannot b e a l a n y s e d sa t i s-
f a c t o r i l y u s ing the direct p r e p a r a t i o n m e t h o d s b e-
cause the gr id is too h e a v i l y l o a d e d wi th debri s to
a l l o w s e p a r a t e e x a m i n a t i o n o f i n d i v i d u a l p a r t i c l e s
by ED and EDXA, and ob s curat ion of f i b r e s by
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other p a r t i c u l a t e s may lead to underest imation of
the asbestos structure count;

c) the p a r t i c u l a t e d e p o s i t s on the spe c imen are not
u n i f o r m l y d i s t r i b u t e d f r o m one grid o p e n i n g to thenext. I f t h e p a r t i c u l a t e d e p o s i t s o n t h e spec imen
are obvious ly not u n i f o r m f r o m one grid opening
to the next, the specimen shal l be de s ignated as
non-uniform. T h i s condition is a f u n c t i o n either ofthe air s a m p l i n g c o n d i t i o n s or of the f u n d a m e n t a l
nature o f the airborne p a r t i c u l a t e . S a t i s f a c t o r yanalys i s of t h i s f i l ter may not be p o s s i b l e unles sa l a r g e number of grid o p e n i n g s is examined;

d) the TEM grid is too heavily loaded with f i brouss truc ture s to make an accurate count. Accuratecounts cannot be made if the grid has more thana p p r o x i m a t e l y 7 000 s t ru c tur e s /mm 2 ; or
e) more than a p p r o x i m a t e l y 25 % of the gridopenings have broken carbon f i l m over the wholegrid o p e n i n g . S i n c e the breakage of carbon f i l m i s

u s u a l l y more f r equen t in areas of heavy d e p o s i t ,c o u n t i n g of the intact op en ing s can lead to an
undere s t imate of the asbestos structure count.
NOTE 8 If th e specimens are rejec ted because un-a c c e p t a b l e numbers of grid op en ing s exhibi t brokencarbon r ep l i ca , an a d d i t i o n a l carbon coating may be ap-p l i e d to the carbon coated f i l t e r , and new specimengrids pr epared . The larger par t i c l e s can o f t e n be sup-ported by using a th i cker carbon f i lm. If thi s action doesnot produce a c c e p t a b l e spec imen grids, this f i l ter can-not be analysed using the direct preparat ion methods.

If one or more of the c o n d i t i o n s described in b), c),
d) or e) ex i s t s , it may not be p o s s i b l e to analy s e thes a m p l e by th i s me thod .

9.6 Procedure for structure counting by TEM
9.6.1 General
The examinat ion cons i s t s of a count of asbes toss tructures which are present on a s p e c i f i e d numberof grid op en ing s . F i b r e s are c l a s s i f i e d into g r o u p s on
the basis of morphological observations, ED patterns
and EDXA spectra. The total number of structures tobe counted d e p e n d s on the s t a t i s t i c a l prec i s ion de-
sired. In the absence of asbestos s tructures, the area
of the TEM s p e c i m e n g r i d s which must be examined
d e p e n d s on the a n a l y t i c a l s e n s i t i v i t y required. The
precision of the s tructure count d e p e n d s not only on
the to ta l number of structures counted, but also on
t h e i r u n i f o r m i t y f r o m one grid o p e n i n g to the next.
A d d i t i o n a l s t ruc ture c o u n t i n g w i l l be necessary i f
greater p r e c i s i o n is required.

In order that the estimate of the structure d en s i ty on,,;-the s a m p l i n g f i l t e r shal l not be based on the s m a l l f
area represented by one specimen grid-, grid openings^s h a l l be examined on two of the three spec imen g r i d s
pr epar ed . T h e n combine the re su l t s in the c a l c u l a t i o n
of the s tructure dens i ty. S t r u c t u r e counts s h a l l bemade at a m a g n i f i c a t i o n of a p p r o x i m a t e l y x 20 000,
and shal l be terminated at the end of the examination
of the .grid opening on which the 100th asbestoss tructure is observed, except that the count shal l be
continued u n t i l a minimum of 4 grid o p e n i n g s have
been examined. Otherwise, the s tructure count s h a l lcontinue to that number of grid o p e n i n g s at which the
s p e c i f i e d analytical sensi t ivity has been achieved.
NOTE 9 The normal range for the number of grido p e n i n g s which should be examined is f r o m 4 to 20. If in-s u f f i c i e n t air has been sampl ed through the filter, the cal-culation in 9.6.4 can indicate that an i m p r a c t i c a l l y largenumber of grid openings should be examined. When thiss i tua t ion occurs, a larger value of analyt i ca l s e n s i t i v i t y mayhave to be accepted.

9.6.2 Measurement of mean grid o p e n i n g area
The mean grid open ing area sha l l be measured for the
type of TEM specimen grids in use. The standard de-viation of the mean of 10 openings selected f r o m 10-gr id s s h o u l d be less than 5 %. As an o p t i o n a l proce-
dure, or if the 5 % s tandard d e v i a t i o n cr i t er ion cannotbe d e m o n s t r a t e d , the d imens i on s of each grid open-ing examined in the TEM s h a l l be measured at a cali-brated m a g n i f i c a t i o n .

9.6.3 TEM alignment and cal ibrat ion procedures
Before structure counting is p e r f o r m e d , a l i g n the TEMac cord ing to i n s t r u m e n t a l s p e c i f i c a t i o n s . C a l i b r a t e theTEM and EDXA system a c c o r d i n g to the proc edure ss p e c i f i e d in annex B.

9.6.4 Determination of s t o p p i n g point
Befor e structure c o u n t i n g is begun, c a l c u l a t e the areaof specimen to be examined in order to achieve the
selected analytical sensitivity. C a l c u l a t e the maximumnumber of grid openings to be examined using thef o l l o w i n g equation:

AgVS
where

is the number of grid openings to be ex-
a m i n e d , rounded u p w a r d s to the nexth i g h e s t in t eg e r;
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is the area, in square m i l l i m e t r e s , of sam-
p l e f i l t e r ;
i s the area, in square m i l l i m e t r e s , of TEM
specimen grid o p e n i n g ;
is the vo lume of air s a m p l e d , in l i t r e s ;
is the required a n a l y t i c a l s en s i t i v i ty , ex-
pre s s ed in number o f s t ru c tur e s per l i t r e .

9.6.5 General procedure for structure counting
and size analy s i s
Use at l eas t two sp e c imen gr id s p r e p a r e d f r o m thef i l t er in the s t ruc ture count. S e l e c t at random severalgrid o p e n i n g s f r o m each g r i d , and combine the datain the c a l c u l a t i o n o f the r e su l t s .
Use a f o r m s i m i l a r to tha t shown in f i g u r e 4 to record
t h e da ta . I n s e r t t h e f i r s t s p e c imen grid into t h e T E M .
NOTE 10 In order to f a c i l i t a t e q u a l i t y assurance mea-surements which require re-examinat ion of the same grido p e n i n g by d i f f e r e n t m i c r o s c o p i s t s , the grid s hou ld be in-serted in to the spec imen h o l d e r in a s tandard or i en ta t i onwith the grid bars p a r a l l e l and p e r p e n d i c u l a r to the axis ofth e sp e c imen h o l d e r . Thi s w i l l p r ov id e scan d i r e c t i o n s par-al l e l t o th e edges o f th e grid o p e n i n g . It s h ou ld b e ensuredt h a t all micro s cop i s t s begin s canning at the same s t a r t i n gp o i n t on the grid o p e n i n g , and t h a t t h ey use s i m i l a r scanp a t t e r n s . T h i s procedure p e r m i t s r a p i d r e l o c a t i o n o f f i b r o u ss truc ture s f o r f u r t h e r e x a m i n a t i o n i f necessary.

S e l e c t a t y p i c a l gr id o p e n i n g and set the screen mag-
n i f i c a t i o n t o t h e c a l i b r a t e d value ( a p p r o x i m a t e l y
x 20 000). A d j u s t the s a m p l e h e i g h t u n t i l the f e a t u r e s
in the centre of the TEM viewing screen are at theeucentric p o i n t . S e t t h e g o n i o m e t e r t i l t a n g l e t o zero.
In co lumn 1 o f the d a t a r e c o r d i n g f o r m , record thenumber or l e t t e r used to i d e n t i f y the grid. In column
2, record the i d e n t i f i c a t i o n o f the p a r t i c u l a r grid open-
ing. P o s i t i o n the sp e c imen so t h a t the grid o p e n i n g i s
p o s i t i o n e d with one corner v i s i b l e on the screen.
Move the image by a d j u s t m e n t of o n l y one t r a n s l a t i o n
c o n t r o l , c a r e f u l l y e x a m i n i n g t h e s a m p l e f o r f i b r e s , u n t i l
the o p p o s i t e s ide of the grid o p e n i n g i s encountered.
Move the image by a pr ede t e rmined d i s tance less
than one screen d i a m e t e r , u s i n g the o ther t r a n s l a t i o n
c o n t r o l , and scan the image in the reverse d i r e c t i o n .
C o n t i n u e the p r o c e d u r e in t h i s manner u n t i l the ent ire
grid o p e n i n g has been i n s p e c t e d in a p a t t e r n s i m i l a r
to that shown in f i g u r e s . W h e n a f i b r o u s s t r u c t u r e i s
d e t e c t e d , a s s i g n a s e q u e n t i a l number to the p r i m a r y
s tructure in co lumn 3, p e r f o r m the i d e n t i f i c a t i o n pro-
cedures required as d e t a i l e d in annex E, and enter the
a p p r o p r i a t e c o m p o s i t i o n a l c l a s s i f i c a t i o n o n t h e struc-
ture c o u n t i n g f o r m in c o lumn 5. A s s i g n a

m o r p h o l o g i c a l c l a s s i f i c a t i o n t o th e s tructure a c c o r d i n g
to the procedure s s p e c i f i e d in annex D, and record
t h i s in column 6. Measure on the TEM viewing screen
the l e n g t h and w i d t h of the image of the pr imarys truc ture , in m i l l i m e t r e s , and record these mea-
surements in c o l u m n s 7 and 8. For a d i s p e r s e c l u s t e ror matr i x , a s s i gn a c o m p o s i t i o n a l c l a s s i f i c a t i o n and am o r p h o l o g i c a l c l a s s i f i c a t i o n to each structure compo-
nent, measure the l e n g t h and w i d t h , and enter thedata in c o lumns 4 to 8. Use c o l u m n 4 of the d a t a re-
c o r d i n g f o r m to t a b u l a t e the s equen t ia l number of
t o ta l s tructures t a k i n g into account s truc ture compo-
nents , if non-asbestos f i b r e s are observed, note t h e i rpresence and t y p e , i f known. After a f i b r o u s s tructurehas been examined and measured, relocate the orig-
inal f i e ld o f view a c c u r a t e l y b e f o r e c o n t i n u i n g scan-
ning of the s p e c imen. F a i l u r e to do t h i s may causes tructures to be overlooked or counted twice. Con-
t inue the e xamina t i on u n t i l the c o m p l e t i o n o f the grido p e n i n g , on which the 100th asbe s to s s t ruc ture has
been recorded, or u n t i l the number of grid o p e n i n g s
required to achieve the s p e c i f i e d a n a l y t i c a l s en s i t i v i ty ,
c a l c u l a t e d a c c ord ing to 9.6.4, have been examinedwhichever occurs f i r s t . The d a t a s h a l l b e drawn ap-p r o x i m a t e l y e q u a l l y f r o m a m i n i m u m of two grids .
R e g a r d l e s s of the value c a l c u l a t e d a c c o r d i n g to 9.6.4,
f i b r o u s s t ruc ture s on a min imum of f o u r o p e n i n g ss h a l l be counted.
9.6.6 Measurement of c oncen tra t i on for asbestos
f i b r e s and b u n d l e s l onger than 5 nm
C o n s i d e r i m p r o v i n g t h e s t a t i s t i c a l v a l i d i t y f o r meas-
urement o f asbes tos f i b r e s and b u n d l e s l o n g e r t h a n5 nm by a d d i t i o n a l e x a m i n a t i o n at a lower m a g n i f i c a -
t ion, t a k i n g account o n l y of the l o n g e r f i b r e s andb u n d l e s . P e r f o r m t h i s e x t e n d e d e x a m i n a t i o n f o r f i b r e s
and b u n d l e s l o n g e r than 5 urn in accordance with theprocedures s p e c i f i e d in annex E. Use a m a g n i f i c a t i o n
o f a p p r o x i m a t e l y x 10000 f o r c o u n t i n g a l l a sbe s to s
f i b r e s and b u n d l e s l o n g e r than 5 nm, or a p p r o x i m a t e l y
x 5 000 if o n l y f i b r e s and b u n d l e s w i t h i n the d i a m e t e r
range 0,2 nm to 3,0 jim are to be c ount ed . C o n t i n u e
the count u n t i l c o m p l e t i o n of the grid o p e n i n g on
which 100 f i b r e s and b u n d l e s have been re corded , or
unti l a s u f f i c i e n t area of the spec imen has been ex-
amined to achieve the de s ired a n a l y t i c a l s e n s i t i v i t y .O n l y those s t ruc ture s which are i d e n t i f i e d as, or are
s u s p e c t e d to be, e i th er c h r y s o t i l e or one of the
a m p h i b o l e m i n e r a l s w i l l b e r epor t ed in e i t h e r the
o r i g i n a l or the e x t e n d e d TEM e x a m i n a t i o n . Other ma-
t e r i a l s , such a s g y p s u m , c e l l u l o s e f i b r e s , a n d f i l t e r
a r t i f a c t s such as undi s s o lved f i l t e r s t r a n d s , w i l l not be
i n c l u d e d i n t h e f i b r e count. T h i s r e s t r i c t i o n i s i n t e n d e d
to ensure t h a t the best s t a t i s t i c a l v a l i d i t y i s o b t a i n e d
f o r t h e m a t e r i a l s o f i n t e r e s t .
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TEM f i e l d o f view

First pas s •

f\
G r i d o p e n i n g

- Second pass

F i g u r e 5 — E x a m p l e of scanning procedure for TEM specimen examination

9.7 B l a n k and q u a l i t y control d e t e rminat i on s

B e f o r e air s a m p l e s are c o l l e c t e d , a minimum of two
unused f i l t e r s f r o m each f i l t e r l o t o f 1 0 0 f i l t e r s s h a l lbe analy s ed to d e t ermine the mean asbe s to s struc-ture count. I f t h e mean count f o r a l l t y p e s o f asbes toss truc ture s is f o u n d to be more than 10 s t ru c tur e s /
mm 2 , or i f the mean f i b r e count for a sbe s to s f i b r e sand b u n d l e s l o n g e r than 5 urn is more than 0,1 f i b r e /m m 2 , re j ec t t h e f i l t e r l o t .

To ensure that c o n t a m i n a t i o n by ex traneous a sbe s to s
f i b r e s d u r i n g sp e c imen p r e p a r a t i o n i s i n s i g n i f i c a n t
compared wi th the r e s u l t s reported on s a m p l e s , es-
t a b l i s h a cont inuous programme of b l a n k mea-
surements. At l ea s t one f i e l d b l a n k s h a l l be proce s s eda l o n g wi th each ba t ch o f s a m p l e s . I n a d d i t i o n , a t l ea s t

one unused f i l t er s h a l l be i n c l u d e d with every g r o u p
of s a m p l e s p r e p a r e d on one microscope s l i d e .
Init ial ly, and al so at in t e rva l s a f t e r w a r d s , ensure that
s a m p l e s of known asbestos c onc en tra t i on s can be
analysed s a t i s f a c t o r i l y . Since there is a s ub j e c t i v e
component in the s truc ture c o u n t i n g p r o c e d u r e , it is
necessary that recounts of some spec imens be made
by d i f f e r e n t m i c r p s c o p i s t s , in order to m i n i m i z e thes u b j e c t i v e e f f e c t s . S u c h recounts p r o v i d e a means o f
m a i n t a i n i n g c o m p a r a b i l i t y between counts made by

' d i f f e r e n t m i c r o s c o p i s t s . V a r i a b i l i t y between a n d w i t h i n
m i c r o s c o p i s t s and between labora t or i e s s h a l l be
charac t er ized. T h e s e q u a l i t y assurance mea sur ement s
s h a l l c o n s t i t u t e a p p r o x i m a t e l y 10 % of the analys e s .
Repea t r e s u l t s s h o u l d not di f f er at the 5 % s i g n i f -
icance l eve l .
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9.8 C a l c u l a t i o n of re sul t s
C a l c u l a t e the results using the procedures d e t a i l e d in
annex F. Prior to the TEM examinat ion of the spec i-
mens, the level of a n a l y s i s was s p e c i f i e d . B e f o r e theresult s are c a l c u l a t e d , the composi t ional and
morpho l og i ca l c l a s s i f i c a t i o n s to be included in the re-
s u l t s h a l l b e s p e c i f i e d . The chi-squared u n i f o r m i t y tests h a l l be conducted us ing the number of p r i m a r yasbestos structures found on each grid open ing , priorto the a p p l i c a t i o n of the c lus ter and matrix counting
criteria. The concentration result s h a l l be c a l c u l a t e du s ing the numbers of asbestos structures reporteda f t e r the a p p l i c a t i o n of the cluster and matrix counting
criteria.

10 Performance characteristics
10.1 General
It is important to use this analytical method in con-j u n c t i o n with a cont inuous q u a l i t y control programme.The q u a l i t y control programme s h o u l d i n c l u d e u s e o f
s tandard s a m p l e s , b lank s a m p l e s , and both inter labo-ratory and intralaboratory analyses.
10.2 Inter f erence s and l i m i t a t i o n s of f i b r e
i d e n t i f i c a t i o n
Unequivocal i d e n t i f i c a t i o n of every chrysot i l e f i b r e is
not p o s s i b l e , due to both ins trumental l i m i t a t i o n s andthe nature of some of the f i b r e s . The requirement fora c a l i b r a t e d ED p a t t e r n e l i m i n a t e s the p o s s i b i l i t y of anincorrect i d e n t i f i c a t i o n of the f i b r e selected. However,there is a p o s s i b i l i t y of m i s i d e n t i f i c a t i o n of f i b r e s for
which both the m o r p h o l o g i e s and the ED p a t t e r n s arereported on the basis of visual i n s p e c t i o n only. Theonly s i g n i f i c a n t p o s s i b i l i t i e s of m i s i d e n t i f i c a t i o n occur
with h a l l o y s i t e , vermicul i t e s c r o l l s or p a l y g o r s k i t e , a l lof which can be d i s c r imina t ed f r o m c h r y s o t i l e by theuse of EDXA and by observation of the 0,73 nm (002)r e f l e c t i o n of chrysot i l e in the ED pattern.
As in the case of chry s o t i l e f i b r e s , c o m p l e t e i d e n t i f i -cation of every amphibo l e f i b r e is not po s s i b l e due toin s t rumen ta l l i m i t a t i o n s and the nature of some of thef i b r e s . Moreover, c o m p l e t e i d e n t i f i c a t i o n o f every
a m p h i b o l e f i b r e is not p r a c t i c a l due to the l i m i t a t i o n sof both time and cost. Part i c l e s of a number of other
minera l s with c o m p o s i t i o n s s i m i l a r to those of some
a m p h i b o l e s c ou ld be erroneously c l a s s i f i e d as
a m p h i b o l e when the c l a s s i f i c a t i o n criteria do not in-
c lude zone-axis ED techniques. However, the re-
quirement for q u a n t i t a t i v e EDXA measurements onall f i b r e s a s s u p p o r t for the random o r i e n t a t i o n ED
technique makes m i s i d e n t i f i c a t i o n very u n l i k e l y , par-

t i c u l a r l y when other s imilar f i b r e s in the same s a m p l e / "
have been i d e n t i f i e d as a m p h i b o l e by zone-axis!;
methods. The p o s s i b i l i t y o f m i s i d e n t i f i c a t i o n i s f u r t h e rreduced with increa s ing aspec t ratio, since it is rare
for the minerals with which a m p h i b o l e may be con-fused to d i s p l a y an a sb e s t i f orm habit.
10.3 Precision and accuracy (see ISOS t a n d a r d H a n d b o o k N o . 3 )
10.3.1 Precision
The ana ly t i ca l prec i s ion that can be obtained is de-
pendent upon the number of s tructures counted, andalso on the un i f ormi ty of the p a r t i c u l a t e d epo s i t on the
original f i l t e r . Assuming that the structures are ran-d o m l y d epo s i t ed on the filter, if 100 s tructures are
counted and the l o a d i n g is at l eas t 3,5 s t r u c t u r e s / g r i dopening, computer m o d e l l i n g of the count ing proce-dure shows that a c o e f f i c i e n t of variation of about10 % can be expec t ed . As the number of s tructurescounted decreases, the pre c i s i on w i l l a l so decrease
a p p r o x i m a t e l y as ^N, where N is the number ofstructures counted. In practice, par t i cu la t e depo s i t sobtained by f i l t r a t i o n of ambient air s a m p l e s are rarely
i d e a l l y d i s t r i b u t e d , and it is f o u n d that the pr e c i s i on isc o r r e s p o n d i n g l y reduced. Degradat i on of pr e c i s i on i?a consequence of several f a c t o r s , such as:
a) n o n - u n i f o r m i t y o f t h e f i l t e r e d p a r t i c u l a t e d e p o s i t ;
b) d i s t or s i on of the f i b r e d i s t r i b u t i o n by a p p l i c a t i o nof the structure c o u n t i n g criteria;
c) variation between microscopists in their interpre-t a t i o n of the f i b r o u s s tructures;
d) variation between microscopists in their a b i l i t y todetect and i d e n t i f y f ibres.
The 95 % conf idence interval about the mean for as ing l e structure concentration measurement using
th i s a n a l y t i c a l method should be a p p r o x i m a t e l y±25% when 100 s tructures are counted over 10 gridopenings.
10.3.2 Accuracy
There is no independen t method a v a i l a b l e to deter-mine the accuracy.
NOTE 11 It ha s been d e m o n s t r a t e d t h a t , a f t e rpolycarbonate membrane f i l t e r s have been coated withcarbon, p a r t i c u l a t e material i s t r a n s f e r r e d to the TEMspec imens without measurable losses. However, i f t h e f iters are heavily loaded by particulate material, some of th i smay be lost b e fore they are coated with carbon. Good
c o m p a r a b i l i t y between the c a p i l l a r y - p o r e p o l y c a r b o n a t e pro-
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cedure and the c e l l u l o s e ester f i l ter procedure has been
d e m o n s t r a t e d f or laboratory-generated aeroso l s o f
c h r y s o t i l e asbestos.

10.3.3 I n t e l - l a b o r a t o r y and i n t r a l a b o r a t o r y
analyse s
I n t e r l a b o r a t o r y and i n t r a l a b o r a t o r y a n a l y s e s are re-
quired in order to monitor sy s t emat i c errors t h a t mayd e v e l o p among micro s c op i s t s when using t h i s
method. T h e s e analyse s s h o u l d be d e s i g n e d to test
both the overal l method and the p e r f o r m a n c e of indi-
v i d u a l microscopi s t s . R e p e a t i n g p r e p a r a t i o n o f T E M
gr id s f r o m d i f f e r e n t sectors o f a f i l t er , f o l l o w e d byexaminat ion of the g r i d s by a d i f f e r e n t m i c ro s c op i s t ,
is a test for the r e p r o d u c i b i l i t y of the whole method.However, n o n - u n i f o r m i t y of the p a r t i c u l a t e d e p o s i t on
the f i l ter may lead to d i f f e r e n c e s which are not r e la t edto th e p e r f o r m a n c e o f th e mi cro s cop i s t s . V e r i f i e d f i b r e
c o u n t i n g ( c o u n t i n g of asbestos s truc ture s on thesame grid o p e n i n g of a TEM grid by two or more op-erators, f o l l o w e d by r e s o lu t i on of any d i s c r e p a n c i e s )
may be used both as a t r a i n i n g aid and to determine
the p e r f o r m a n c e o f d i f f e r e n t micro s cop i s t s . The u s eof indexed TEM g r i d s as described in 7.4.1 and 7.4.2
is recommended in order to f a c i l i t a t e r e l o c a t i o n of
s p e c i f i c grid o p e n i n g s .

10.4 Limi t of de t e c t i on
The l i m i t of d e t e c t i on of the method can be varied by
choice of the area of the c o l l e c t i o n f i l ter, the vo lumeof air s a m p l e d and the area of the spec imen examined
in the TEM. It i s a l so a f u n c t i o n o f the background o fasbe s to s s truc ture s on unused f i l t e r s . A l i m i t of de-
t e c t i on s h a l l b e quoted for each s a m p l e a n a l y s i s .
NOTE 12 In pract ice , t h e lowest l i m i t o f d e t e c t i o n i s f r e -q u e n t l y d e t e rmined by the t o ta l s u s p e n d e d p a r t i c u l a t e con-c en tra t i on , since each p a r t i c l e on the filter must bes e p a r a t e d f r o m a d j a c e n t ones by a d i s tanc e large enoughfor the p a r t i c l e to be i d e n t i f i e d without in t e r f e r enc e .P a r t i c u l a t e l o a d i n g s on s a m p l i n g f i l t e r s greater than25 ng/cm 2 u sual ly preclude preparat ion of TEM specimensby the direct methods . If the analy s i s is to be p e r f o r m e dwith an a c c e p t a b l e e x p e n d i t u r e of t ime , the area of thespec imen examined in the TEM for structures of all sizes i sl i m i t e d in most cases to between 10 and 20 grid op en ing s .In t y p i c a l ambient or b u i l d i n g a tmo spher e s , i t has beenf o u n d that an a n a l y t i c a l s e n s i t i v i t y of 1 s t r u c t u r e / I can be

achieved. In some circumstances , where the a t m o s p h e r e i s
e x c e p t i o n a l l y c l ean, t h i s can be reduced to 0,1 s t r u c t u r e / I
or lower. For f i b r e s and b u n d l e s l o n g e r t han 5 urn, the re-
duced m a g n i f i c a t i o n s s p e c i f i e d permit l a r g e r areas o f t h e
TEM sp e c imen s to be examined wi th an a c c e p t a b l e ex-
p e n d i t u r e o f t ime , r e s u l t i n g i n p r o p o r t i o n a t e l y lower l i m i t s
o f d e t e c t i on . I f n o s t ruc ture s a r e f o u n d i n t h e a n a l y s i s , t h e
u p p e r 95 % c o n f i d e n c e l i m i t can be quoted as the u p p e r

boundary of the concentration, corre sponding to 2,99 times
the a n a l y t i c a l s en s i t iv i ty if a Poisson d i s t r i b u t i o n of struc-tures on the filter is assumed. T h i s 95 % c o n f i d e n c e l i m i tfor 0 structures counted is taken as the d e t e c t i on l imi t .Since there is sometimes contaminat ion of unused s a m p l e sf i l t e r s by asbestos s t ruc ture s , t h i s should a l s o be taken intoaccount in the di s cus s ion of l i m i t s of d e t e c t i on .

11 Test report
The test report s h a l l i n c l u d e at least the f o l l o w i n g in-f o r m a t i o n :
a) r e f er ence t o thi s I n t e r n a t i o n a l S t a n d a r d ;
b) i d e n t i f i c a t i o n o f the s a m p l e ;
c) the da t e and time of s a m p l i n g , and all necessarys a m p l i n g d a t a ;
d) the date o f the a n a l y s i s ;
e) the i d e n t i t y of the a n a l y s t ;
f) any procedure used that i s not s p e c i f i e d in t h i s

I n t e r n a t i o n a l S t a n d a r d or regarded as o p t i o n a l ;
g) a c o m p l e t e l i s t i n g o f the s tructure c o u n t i n g d a t a

(the f o l l o w i n g data s h o u l d b e i n c l u d e d ; grid open-ing number, s truc ture number, i d e n t i f i c a t i o n cate-gory, s truc ture t y p e , l e n g t h and w i d t h o f the
s tructure in micrometres, and any commentsconcerning the s t ru c tur e);

h) a s ta tement o f the minimum a c c e p t a b l e i d e n t i f i -cat ion ca t egory and the maximum i d e n t i f i c a t i o ncategory a t t e m p t e d ( r e f e r to t a b l e s D.1 and D.2);
i) a s ta tement s p e c i f y i n g which i d e n t i f i c a t i o n ands tructure categories have been used to c a l c u l a t ethe c onc en tra t i on v a l u e s ;

j ) s e p a r a t e concentrat ion va lue s f o r c h r y s o t i l e a n da m p h i b o l e s tructures , expres sed in number ofasbestos structures per l i tre;
k) the 95 % c o n f i d e n c e in t erval l i m i t s for the con-

centrat ion values, expres s ed in number of
asbestos s truc ture s p er l i t r e ;

I ) t h e a n a l y t i c a l s e n s i t i v i t y , expres sed i n number o fasbe s to s s truc ture s p e r l i t r e ;
m) the l i m i t o f d e t e c t i o n , expre s s ed in number of

a sbe s to s s t r u c t u r e s p e r l i t r e ;
n ) c o m p o s i t i o n a l d a t a f o r t h e p r i n c i p a l v a r i e t i e s o fa m p h i b o l e , i f p r e s e n t ;
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o) items g) to m) for asbestos f ibre s and bundles
l onger than 5 urn;

p) items g) to m) for PCM equivalent asbestos f i b r e sand bundle s . "
An example of a sui table f ormat for the structurecount ing da ta is shown in f i g u r e s 6 and 7.

S a m p l e analysi s in format ion ( p a g e 1 }

Laboratory name
Sample: 456 Queen StreetAshby de la ZouchExterior s a m p l e 1991-09-09

Report number

Air volume:Area of c o l l e c t i o n f i l t e r :Level of analysis (chrysoti le):Level o f ana ly s i s ( a m p h i b o l e ) :
M a g n i f i c a t i o n used for f i b r e counting:A s p e c t ratio f o r f i b r e d e f i n i t i o n :Mean d imens ion of grid openings:Init ial s o f analyst-
N u m b e r of grid op en ing s examined:
A n a l y t i c a l s ens i t iv i ty:
N u m b e r of primary asbestos structures:
N u m b e r of asbestos s tructures counted:
N u m b e r of asbestos structures > 5 jim :
N u m b e r of asbestos f i br e s and bundle s > 5 urn :
N u m b e r of PCM equivalent asbestos structures:
N u m b e r o f PCM equivalent asbestos f i br e s :

Date

2 150,0 l i t r e s385,0 mm2

CD or CMQADQ
x 20 500
5 / 195,4 nmJ M W
10
1,968 s t r u c t u r e s / I
13
26
7

10
3
5

F i g u r e 6 — E x a m p l e of f ormat for r epor t ing s ampl e and preparation data

20
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S a m p l e analys i s i n f o r m a t i o n ( p a g e s 2 a n d f o l l o w i n g )

Laboratory name Report number
S a m p l e : 456 Queen S t r e e t

A s h b y de la ZouchExterior s a m p l e 1991-09-09

Date

TEM asbestos structure count — Raw data

Grid

A

B

C

Grid
o p e n i n g

F4-4

E3-6
E5-1

F4-1

G5-1

E4-4
G4-4

E4-4
E5-6

F4-1

N u m b e r ofstructures
primary

1
2
3
4
5

6

7

8 •
9

10

11

12
13

total
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
2526

I d e n t i f i -cat ion 1 )
. CD

C M Q
ADQ

CD
CD
CD

C M Q
CD
CD
CD
CD
CD

C M Q
CD
CD

C M Q
C M Q

CDAD
C M Q
C M Q
C M Q
A D Q

CM
No f i bre s
ADQ
A D Q
ADQ

CMCM
C M Q

CD

Struc ture
type

F
B
F
MC+0
MD43

MB
M F

MB
M F

CD+0
CB
CF

CR+0
CD31

CB
CF
CB

BF
CD42

CB
C F
CF
C F

CD+3
CFCF

CB
CR+0

M C 1 0
CC+0

Length
nm
1,72,6
4,0
3,5
7,5
7,7
5,6
5,1
1,76,5
3,5
3,5
2,6
6,1
5,6
4,0
3,2
1,5
8,7
25
15
9,4
3,6
4,2
9,4
7,1
6,2
5,13,3
3,7
7,4

W i d t h
nm

0,045
0,09
0,15
1,3
5,0

0,30
0.045
0,30

0,045
3,0

0,15
0.045

1,9
3,2
0,3

0,045
0,090
0,23
0,15
5,6

0,15
0,045
0,30

0,045
2,5

0,30
0,10
0,2
1,8
2,1
0,5

Comments

C r o c i d o l i t e

T r e m o l i t e

A m o s i t eC r o c i d o l i t e

1) I d e n t i f i c a t i o n codes l i s t e d in t ab l e s D.1 and D.2.

Rgure 7 — E x a m p l e of f o r m a t for r e p o r t i n g structure c o u n t i n g data
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Annex A( n o r m a t i v e )
Determination of op e ra t ing c ond i t i on s for p l a s m a asher

A.1 General
During the p r e p a r a t i o n of TEM specimens f rom anMEC or c e l lu l o s e .nitrate f i l t e r , the spongy structureof the f i l t e r is c o l lap s ed into a thinner f i l m of polymer
by the action of a solvent. Some of the part ic le s onthe s ur fa c e o f the original f i l t er become c o m p l e t e l yburied in the po lymer , and the spec imen p r e p a r a t i o nproc edure incorporate s a p l a s m a e t ch ing s t e p tooxidize .the s u r f a c e layer of the po lymer. Part i c l e sburied by the f i l ter c o l l a p s i n g s t e p are then exposedso that they can become subsequently a f f i x e d to theevaporated carbon f i l m without a l t e r ing their po s i t i on
on the or ig inal f i l t e r . The amount of e tching is cr i t i cal ,and i n d i v i d u a l ashers vary in performance. T h e r e f o r e ,
the p l a s m a asher (7.3.4) s h a l l be c a l i b r a t e d to give aknown amount of e t ch ing of the s u r f a c e of the col-
l a p s e d f i l t e r . This i s carried out by a d j u s t i n g ther a d i o - f r e q u e n c y power o u t p u t and the oxygen f l o w -
rate, and measuring the time taken to c o m p l e t e l yoxidize an unco l lap s ed c e l l u l o s e ester f i l t e r with25 mm diameter of the same type and pore size as
those used in the analysis.

A.2 Procedure
Place an unused c e l lu l o s e ester f i l t e r , with 25 mm di-ameter, of the same type as that being used, in thecentre of a glas s microscope slide. Position the s l i d eapprox imat e ly in the centre of the asher chamber.Clos e the chamber and evacuate to a pressure of ap-
p r o x i m a t e l y 40 Pa, whi l e a d m i t t i n g oxygen to thechamber at a rate of 8 f n l / m i n to 20 m l / m i n . A d j u s t
the t u n i n g of the system so that the in t en s i ty of the
p l a s m a in maximized. Measure the time required forc ompl e t e oxidation of the f i l t e r . Determine o p e r a t i n gparameters which result in comple t e oxydation of thefilter in a period of a p p r o x i m a t e l y 15 min. For etchingof c o l l a p s e d f i l t e r s , these operat ing parameters sha l lbe used for a period of 8 min.
NOTE 13 Plasma ox ida t i on at h i g h radio-frequency pow-ers will cause the f i l t e r to shrink and curt, f o l l owed by sud-den violent ignition. At lower powers, the filter will remainin p o s i t i o n and w i l l s l owly become t h i n n e r unt i l it is near lytransparen t . It i s recommended that a radio-frequencypower be used such that violent i g n i t i o n does not occur.When m u l t i p l e f i l t e r s are etched, the rate of etching is re-duced, and the system should be calibrated accordingly.
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Annex B
( n o r m a t i v e )

Cal i bra t i on procedures
B.1 C a l i b r a t i o n of the TEM
B.1.1 Cal ibra t i on of TEM screen
m a g n i f i c a t i o n
The e l ec tron microscope s h o u l d be a l i g n e d according- to the s p e c i f i c a t i o n s of the manufac turer . Initially, and
at r e g u l a r in t e rva l s , c a l i b r a t e the m a g n i f i c a t i o n s usedfor the analysis using a d i f f r a c t i o n gra t ing r ep l i ca
(7 .3 .11). A d j u s t the spe c imen he igh t to the eucentricp o s i t i o n b e f o r e carrying out the ca l i b ra t i on . Measure
the d i s t a n c e on the f l u o r e s c e n t viewing screen occu-pied by a convenient number of repeat d i s t a n c e s ofthe g r a t i n g image, and c a l c u l a t e the m a g n i f i c a t i o n .
Always repeat the calibration a f t e r any instrumentalmaintenance or change of o p e r a t i n g condi t i on s . Them a g n i f i c a t i o n of the image on the viewing screen is
not the same as that obtained on p h o t o g r a p h i c p l a t e sor f i l m . The ratio between these is a cons tant value
f o r t h e p a r t i c u l a r model o f T E M .
B.1.2 C a l i b r a t i o n of ED camera constant
C a l i b r a t e the camera constant of the TEM when usedin ED mode. Use a s p e c imen grid s u p p o r t i n g a carbon
f i lm on which a t h i n f i lm of g o l d has been evaporated
or s p u t t e r e d . F o r m an image of the g o l d f i l m with thespe c imen a d j u s t e d to the eucentric p o s i t i o n and se-lect ED c o n d i t i o n s . Adjust the o b j e c t i v e l e n s currentto o p t i m i z e the pa t t e rn o b t a i n e d , and measure the di-ameters of the innermost two rings e i ther on the flu-orescent viewing screen or on a recorded image.C a l c u l a t e the radius-based camera constant, AL, forboth the f l u o r e s c e n t screen and the p h o t o g r a p h i cp l a t e o r f i l m , u s ing t h e f o l l o w i n g equation:

17 _ aD

where
/I is the w a v e l e n g t h , in nanometre s , of the

i n c i d e n t e l e c t r o n s ;
is the camera l e n g t h , in mi l l ime t r e s ;

a is the unit c e l l d imens ion of g o l d , innanometres (= 0,407 86 nm);
D is the diameter, in mi l l ime tr e s , of the (hid)d i f f r a c t i o n ring.

U s i n g g o l d as the ca l i b ra t i on m a t e r i a l , the radius-
based camera constant is given by

XL = 0,117 74D mm-nm (smal l e s t /ing)
IL = 0,101 97D mm-nm (second r i n g )

B.2 C a l i b r a t i o n of the EDXA system
Energy cal ibrat ion of the EDXA system for a low en-
ergy and h i g h energy peak s h a l l be p e r f o r m e d regu-
l a r l y . C a l i b r a t i o n o f the i n t e n s i t y scale of the EDXA
system p e r m i t s q u a n t i t a t i v e c o m p o s i t i o n data , at anaccuracy of about 10% of t h e ' e l e m e n t a l concen-t r a t i o n , to be ob ta ined f r o m EDXA spec tra of re f er-
ence s i l i c a t e m i n e r a l s invo lv ing th e e l ement s Na,M g , A l , S i , K , C a , M n a n d F e , a n d a p p l i c a b l e c e r t i f i e d
re f erence mater ia l s . I f q u a n t i t a t i v e d e t e r m i n a t i o n s a r erequired f or m i n e r a l s c on ta in ing other e l ement s , r e f -erence s t a n d a r d s o ther than those re f erred to beloww i l l be required. W e l l - c h a r a c t e r i z e d mineral s t a n d a r d spermit c a l i b r a t i o n o f any TEM-EDXA combinat ion
which meets the in s t rumen ta l s p e c i f i c a t i o n s of 7.3.1
and 7.3.2, so that EDXA data f r o m d i f f e r e n t instru-
ments can be compared. Ref e r enc e minera l s are re-quired f or th e c a l i b r a t i o n ; th e criteria f or s e l e c t i o nbe ing that they s h o u l d be s i l i c a t e mineral s with ma-trices as c lose as p o s s i b l e to those of the a m p h i b o l e sor s e r p e n t i n e , and that sma l l i n d i v i d u a l f r a g m e n t s of
the m i n e r a l s are homogeneous in c o m p o s i t i o n w i t h i na few percent.
Determine the c o m p o s i t i o n s of the se s t a n d a r d s by
electron microprobe analys i s or chemicals methods..Crush f r a g m e n t s of the same s e l e c t ed mineral stan-
d a r d s and p r e p a r e f i l t e r s by d i s p e r s a l o f the crushed
mater ia l in water and i m m e d i a t e f i l t r a t i o n of the sus-p e n s i o n s . P r e p a r e T E M s p e c i m e n s f r o m these f i l t e r s
according to the pro c edur e s s p e c i f i e d in c lau s e 9.
T h e s e TEM spe c imens can then be used to ca l i bra t e
any TEM-EDXA system so t h a t c o m p a r a b l e compos i-
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t i ona l re sul t s can be obtained f r o m d i f f e r e n t instru-
ments.
N O T E S
14 The microprobe analysis of the mineral standards arecarried out by conventional techniques which can be f oundin annex J. The mineral is f i r s t embedded in a mount ofp o l y j m e t h y l methacrylate) or epoxy resin. The mount is thenground and p o l i s h e d to achieve a flat, p o l i s h e d sur fac e ofthe mineral fragment. T h i s surface is then analysed, usings u i t a b l e reference s tandards , p r e f e r a b l y oxide s t anda r d s o fthe individual e l ement s wherever these are available. It isnecessary to take into account the water concentration inthe minerals , which in the case of chryso l i t e amounts to13 % fay mass. T h i s water content may vary due to lossesin the vacuum system.

15 Aqueous su spens ions of mineral s tandards should bef i l t e r e d i m m e d i a t e l y a f t e r p r e p a r a t i o n , since a l k a l i a n d a l k a l iearth metals may be p a r t i a l l y leached f rom minerals con-t a i n i n g these elements.
Expres s the r e su l t s of the electron microprobe ana-lyses as atomic or mass p e r c en tag e ratios relative tosilicon. X-ray peak ratios of the same e l ement s rela-tive to s i l i c o n , obtained f r o m the EDXA system, canthen be used to ca l cu la t e the r e l a t i o n s h i p betweenpeak area ratio and atomic or mass p er c en tage ratio.

The technique was described by Clif f and Lorimer(see annex J, reference [8]).
The X-rays generated in a th in specimen by an inci-
dent electron beam have a low p r o b a b i l i t y of interact-ing with the specimen. T h u s , mass a b s o r p t i o n andf l u o r e s c e n c e e f f e c t s ar e n e g l i g i b l e . In a s i l i c a t e min-eral spec imen c o n t a i n i n g element / , the f o l l o w i n gequat ion can be used to p e r f o r m quan t i t a t i v e ana ly s e sin the T E M :

Si
where

Cj is the concentration or atomic percentage
o f e lement « ' ;

CS j is the c onc en tra t i on or atomic percentage
of s i l i c o n ;

A, is the e l emental integrated peak area forelement /; *\
A s i is the e l emental integrated peak area fors i l i c o n ;
ki is the j t-rat io for element / relative to s i l i-con.

For a p a r t i c u l a r in s trumental c o n f i g u r a t i o n and a par-t i cular p a r t i c l e size, the value of k, is constant.
To incorporate correction for the p a r t i c l e size e f f e c ton peak area ratios (see annex J, references [35] and[36], extend the Cliff and Lorimer t echnique by ob-t a i n i n g separate values of the constant 4- for d i f f e r e n tranges of f i b r e diameter. It is recommended that 20EDXA measurements be made for each range of f i b r e
diameters. S u i t a b l e ranges of f i b r e d iame t er are:

< 0,25 urn; 0,25 jim to 0,5 urn; 0,5 urn to 1,0 j i m ;> 1,0
I n s e r t the TEM grid into the t ran smi s s i on e l e c tronmicroscope, obtain an image at the cal ibrated higher
m a g n i f i c a t i o n of about x 20 000, and a d j u s t the spec-imen height to the eucentric p o i n t . If the X-ray detec-tor is a side-entry variety, tilt the specimen towardsthe X-ray detec tor. S e l e c t an i s o l a t e d f i b r e or p a r t i c l eless than 0,5 nm in w id th , and a c c u m u l a t e an E D X /spectrum using an electron probe of su i table diam-eter. W h e n a w e l l - d e f i n e d spec trum has been ob-
ta ined , p e r f o r m a background subtraction andc a l c u l a t e the background-corrected peak areas foreach element l i s t e d , us ing energy windows centredon the peaks. C a l c u l a t e the ratio of the peak area foreach s p e c i f i e d element r e la t iv e to the peak area forsilicon. All background-subtrac t ed peak areas used forcalibration sha l l exceed 400 counts.
Repeat this procedure for 20 p a r t i c l e s of each mineral
s tandard. Reject analyses of any obviously f o r e i g np a r t i c l e s . C a l c u l a t e the ar i thme t i c mean concentrat ion
to peak area ratio, A,- (£-ratio), for each s p e c i f i e d ele-ment of each mineral s tandard and for each of the fi-bre d iameter ranges. Per i od i c routine checks s h a l l becarried out to ensure that there has been no degra-d a t i o n of the de t e c t or p e r f o r m a n c e . T h e s e ^-ratios areused to c a l c u l a t e the e l e m e n t a l concentrat ions of un-known f i b r e s , using the Clif f and Lorimer r e l a t i o n s h i p .
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Annex C
( n o r m a t i v e )

S t r u c t u r e c ount ing criteria
C.1 General
I n a d d i t i o n t o i s o l a t e d f i b r e s , other a s s emb lage s o f
p a r t i c l e s and f i b r e s f r e q u e n t l y occur in air s ampl e s .G r o u p i n g s of asbestos f i b r e s and p a r t i c l e s , re ferred to
as "asbestos s tructures", are d e f i n e d as f i b r e bun-d l e s , c lu s t e r s and matrices. The numerical result of a
TEM examinat i on d e p e n d s l a r g e l y on whether th e
analys t a s s igns such an a s s e m b l a g e of f i b r e s as a
s i n g l e ent i ty, or as the e s t imat ed number of i n d i v i d u a lf i b r e s which f o r m the a s s emblage. It i s t h e r e f o r e im-portant that a l o g i c a l system of c oun t ing cri teria be
d e f i n e d , so that the i n t e r p r e t a t i o n of these c o m p l e xs tructure s i s the same for all a n a l y s t s , and so that thenumerical re sul t i s m e a n i n g f u l . I m p o s i t i o n o f s p e c i f i c
s t r u c t u r e - c o u n t i n g cr i t e r ia g e n e r a l l y requires tha tsome i n t e r p r e t a t i o n , p a r t i a l l y based on uncer ta in in-
f o r m a t i o n on h e a l t h e f f e c t s , be made of eachasbe s to s s truc ture f o u n d . It i s no t t h e i n t e n t i o n o f t h i s
I n t e r n a t i o n a l S t a n d a r d to make any i n t e r p r e t a t i o n s
based on h e a l t h e f f e c t s , and it is i n t e n d e d that a c l ears eparat ion shall be made between recording of struc-
ture c oun t ing d a t a , and l a t e r i n t e r p r e t a t i o n of thosedata. The system of c o d i n g s p e c i f i e d in t h i s I n t e r n a -
t i o n a l S t a n d a r d p e r m i t s a c l ear m o r p h o l o g i c a l de-
s c r ip t i on of the structures to be recorded in a concisemanner s u i t a b l e f o r l a t e r i n t e r p r e t a t i o n , i f necessary,
by a range of d i f f e r e n t cr i t er ia , wi thout the nece s s i tyf o r re-examination o f t h e specimens. I n p a r t i c u l a r , t h e
c od ing system is de s igned to permit the dimensionsof each c o m p l e x f i b r o u s s tructure, and a l s o whether
these s tructures contain f i b r e s l o n g e r than 5 nm, tobe recorded. T h i s a p p r o a c h p e r m i t s l a t e r e v a l u a t i o n sof the da ta to i n c l u d e c o n s i d e r a t i o n s of p a r t i c l er e s p i r a b i l i t y and compari sons with h i s t o r i c a l ind i c e sof asbestos exposure. E x a m p l e s of the various t y p e sof m o r p h o l o g i c a l s tructure, and the manner in whichthese s h a l l be recorded, are shown in f i g u r e C.1 .
C.2 S t r u c t u r e d e f i n i t i o n s and treatment
Each f i b r o u s s t ruc ture tha t i s a s e p a r a t e e n t i t y s h a l l
be d e s i g n a t e d as a p r i m a r y s tructure. Each p r i m a r ys t ruc ture s h a l l be d e s i g n a t e d as a f i b r e , b u n d l e , c lu s-ter or matrix.

C.2.1 F i b r e
Any p a r t i c l e with p a r a l l e l or s t e p p e d s ide s , o f mini-
mum l e n g t h 0,5 j i m , and with an a spe c t ratio of 5/1or greater, s h a l l be d e f i n e d as a f i b r e . For c h r y s o t i l easbestos , the s i n g l e f i br i l s h a l l b e d e f i n e d a s a f i b r e .
A f i b r e with s t e p p e d s ide s s h a l l be a s s igned a w i d t hequal to the average of the min imum and maximumwidths . This average s h a l l be used as the w i d t h in
d e t e r m i n a t i o n o f the a sp e c t rat io .
C.2.2 Bundl e
A g r o u p i n g composed o f a p p a r e n t l y a t t a c h e d p a r a l l e lf i b r e s s h a l l be d e f i n e d as a b u n d l e , wi th a w i d t h equalto an e s t imate of the mean b u n d l e w i d t h , and a l e n g t h
equal to the maximum l e n g t h o f the s truc ture . The
overal l aspect ratio of the b u n d l e may have any value,
prov id ed that i t conta ins i n d i v i d u a l c o n s t i t u e n t f i b r e swith a spec t ratios equal to or gr ea t er than 5 / 1 . Bun-
d l e s may exh i b i t d i v e r g i n g f i b r e s at one or bo th ends.
C.2.3 C l u s t e r
An a g g r e g a t e of two or more r a n d o m l y or i en t ed fi-
bres, with or without bund l e s , s h a l l be d e f i n e d as ac lus t er . C l u s t e r s occur as two var i e t i e s .
C.2.3.1 d i sp er s e c luster ( t y p e D): D i s p e r s e and
open network, in which at least one of the i n d i v i d u a l
f i b r e s or b u n d l e s can be s e p a r a t e l y i d e n t i f i e d and its
d i m e n s i o n s measured;
C.2.3.2 compact cluster ( t y p e C): C o m p l e x andt i g h t l y bound network, in which one or both ends ofeach i n d i v i d u a l f i b r e or b u n d l e i s (are) ob s cured, such
that th e d i m e n s i o n s o f i n d i v i d u a l f i b r e s and b u n d l e scannot be u n a m b i g u o u s l y d e t e rmined .
In prac t i c e , c l u s t e r s can occur in which the character-
i s t i c s of both t y p e s of c l u s t e r occur in the same
struc ture . W h e r e t h i s occurs, the s t r u c t u r e s h o u l d be
d e f i n e d as a d i s p e r s e c lu s t e r , and then a l o g i c a l pro-
cedure s h o u l d be f o l l o w e d by r e c o r d i n g s t r u c t u r e
c o m p o n e n t s a c c o r d i n g t o t h e c o u n t i n g c r i t e r i a . T h e
pro c edur e f or t r ea tment o f c l u s t e r s i s i l l u s t r a t e d by
e x a m p l e s in f i g u r e C.2.
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F i b r e s

B u n d l e s

a) Disperse cluster ( t y p e D) W Compact cluster (type C)

c) Disperse matrix {type D) d] Compact matrix ( t y p e C)

Rgure C.I — F u n d a m e n t a l m o r p h o l o g i c a l structure type s

26



o l S O I S O 10312:19S5(E)

Count as 1 compact c lus t er c o n t a i n i n g more than 9 fi-bres (all f i b r e s shorter than 5 j im)
Record as CC+0

Count as 1 d i s p e r s e c l u s t e r cons i s t ing of 5 f i b r e s , 4of which are l o n g e r than 5 (im
Record as CD54, f o l l o w e d by 5 f i br e s , each recordeda s C F

S u m

Count as 1 d i s p e r s e c lu s t e r c o n s i s t i n g of 4 f i b r e s , 2
of which are l o n g e r than 5 urn, and 2 c l u s t e r r e s i d u a l s ,each c o n t a i n i n g more than 9 f i b r e s
Record as CD+2, f o l l o w e d by 4 f i b r e s , each recorded
as CF, and 2 c lu s t e r r e s i d u a l , each recorded as CR+0

Count as 1 d i s p e r s e c lu s t er c o n s i s t i n g of 3 f i b r e s , 2b u n d l e s , 1 of which is l o n g e r than 5 nm, and 1 c lu s t e rresidual containing more than 9 f i b r e s
Record as CD+1, f o l l o w e d by 3 f i b r e s , each recordedas CF, 2 b u n d l e s , each recorded as CB, and 1 c lu s t e rres idual recorded as CR+0

5 j u n

Rgure C.2 — Example s of recording of complex asbestos clusters
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C.2.4 Matrix
One or more f i b r e s , or f i b r e b u n d l e s , may be attachedto, or partially concealed by, a s i n g l e p a r t i c l e or g r o u p
o f o v e r l a p p i n g n o n f i b r o u s par t i c l e s . T h i s s truc tures h a l l be d e f i n e d as a matrix. The TEM image does not
d i s c r i m i n a t e between p a r t i c l e s which are at tached to
f i b r e s , and those which have by chance o v e r l a p p e d inthe TEM image. It i s not known, t h e r e f o r e , whether
such a structure is ac tual ly a complex p a r t i c l e , orwhether it has arisen by a s i m p l e o v e r l a p p i n g of par-
ticle s and f i b r e s on the f i l t e r .
Since a matrix structure may involve more than one
f i b r e , it is impor tan t to d e f i n e in d e ta i l how matricesshal l be counted. Matrices exhibit d i f f e r e n t character-
i s t i c s , and two t y p e s can be d e f i n e d .

C.2.4.1 disperse matrix (type D): Struc ture con-
s i s t i n g of a p a r t i c l e or l i n k e d g r o u p of p a r t i c l e s , witho v e r l a p p i n g or attached f i b r e s or bundl e s in which at
l ea s t one of the i n d i v i d u a l f i b r e s or b u n d l e s can be
s e p a r a t e l y i d e n t i f i e d and i t s d imens i on s measured.

C.2.4.2 compact matrix {type C): S t r u c t u r e con-s i s t i n g of a p a r t i c l e or l i n k e d group of p a r t i c l e s , inwhich f i b r e s or b u n d l e s can be seen e i ther w i th in thestructure or p r o j e c t i n g f r o m it, such that the dimen-
sions of i n d i v i d u a l f i b r e s and b u n d l e s cannot be un-a m b i g u o u s l y d e t e rmined .
In prac t i c e , matrices can occur in which the charac-t e r i s t i c s of both type s of matrix occur in the samestruc ture . Where th i s occurs, the s t ruc ture s h o u l d beassigned as a d i sper s e matrix, and then a l og i ca l pro-
cedure shou ld be f o l l o w e d by recording structurecomponents according to the counting criteria. Exam-p l e s of the procedure which s h a l l be f o l l o w e d are
shown in f i g u r e C.3.

C.2.5 Asbes tos structure larger than 5 urn
Any f i b r e , b u n d l e , c l u s t e r or matrix for which thelarge s t d i m e n s i o n exceeds 5 nm. Asbe s t o s s tructures
l a r g e r than 5 jim do not nece s sar i ly contain asbestos
f i b r e s or b u n d l e s l o n g e r than 5 urn.

C.2.6 Asbestos f i br e or bundle longer than ...
5 nm :
An asbestos f i b r e of any. wid th , or b u n d l e of such fi-bres, which has a l e n g t h exce ed ing 5 urn.
C.2.7 PCM equivalent structure
Any f i b r e , b u n d l e , c l u s t e r or matrix with an a spec t ra-tio of 3/1 or greater, longer than 5 nm, and which has
a diameter between 0,2 jim and 3,0 urn. PCM equiv-alent structures do not necessarily contain f i b r e s or
b u n d l e s l onger than 5 urn, or PCM equivalent f i b r e s .
C.2.8 PCM equivalent f i b r e
Any p a r t i c l e with p a r a l l e l or s t e p p e d s ides , with anaspect ratio of 3/1 or greater, l o n g e r than 5 nm, and
which has a d iame t e r between 0,2 urn and 3,0 urn.
F o r c h r y s o t i l e , P C M e q u i v a l e n t ' f i b r e s w i l l always b e
b u n d l e s .
C.3 Other structure counting criteria
C.3.1 Struc ture s which intersect grid bars
A structure which intersec t s a grid bar s h a l l on ly b<=
counted on two s ide s of the grid o p e n i n g , as illu<trated in f i g u r e C.4. Record the d imens ions of thes truc ture such that the obscured p o r t i o n s of compo-nents are taken to be equivalent to the unobscured
por t i on s , as shown by the broken l ine s in f i g u r e C.4.For e x a m p l e , the l e n g t h o f a f i b r e i n t e r s e c t i n g a grid
bar is taken to be twice the unobscured l e n g t h .S t r u c t u r e s in t er s e c t ing ei ther of the other two s ide sshal l not be included in the count.
C.3.2 Fibre s which extend outside the f i e l d
of view
During scanning of a grid o p e n i n g , count f i b r e s whichextend outside the field of view s y s t e m a t i c a l l y , so asto avoid double-count ing. In general , a rule s h o u l d bee s t a b l i s h e d so that f i b r e s e x t e n d i n g o u t s i d e the f i e ldof view in on ly two quadrants are counted. The pro-cedure is i l l u s t r a t e d by f i g u r e C.5. Measure the l e n g t hof each of these f i b r e by moving the specimen to lo-cate the other end of the f i b r e , and then return to the
original f i e l d of view before cont inuing to scan the
specimen. F i b r e s w i thou t t e r m i n a t i o n s w i t h i n t h e f i e l dof view s h a l l not be counted.
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Count as 1 compac t matrix, with all f i b r e s s h o r t e r t h a n5 nm
Record as MC+0

S l i m

Count as 1 d i s p e r s e matrix c o n s i s t i n g of 1 f i b r e shorterthan 5 nm
Record as MD10. f o l l o w e d by 1 f i b r e recorded as MF

5 p m

Count as 1 d i s p e r s e matrix c o n s i s t i n g , of 5 f i b r e s , alll o n g e r than 5 nm
Record as M D 5 5 , f o l l o w e d by 5 f i b r e s , each recorded
as MF

5 |xm

Count as 1 d i s p e r s e matr i x , c o n s i s t i n g if 3 f i b r e s , 1 of
which is l o n g e r than 5 nm, and 1 matrix r e s i d u a l con-
t a i n i n g 3 f i b r e s
Record as MD61, f o l l o w e d by 3 f i b r e s , each recordedas MF, and 1 matrix r e s i d u a l recorded as M R 3 0

5 jim

F i g u r e C.3 — E x a m p l e s of r e cord ing of c ompl ex asbestos matrices
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Scan direction

Grid o p e n i n g

F i g u r e C.4 — E x a m p l e of counting of structures which intersect grid bars

S c a n direction.

Count

Do not count

• < — T E M f i e l d o f view

Do not count
• Grid opening

F i g u r e C.5 — E x a m p l e of counting of f i b r e s which extend outs ide the f i e l d of view
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C.4 Procedure for data r e cording
C.4.1 General
The m o r p h o l o g i c a l codes s p e c i f i e d are de s igned tof a c i l i t a t e c o m p u t e r data p r o c e s s i n g , and to a l l o w re-c ord ing of a c o m p l e t e r e p r e s e n t a t i o n of the i m p o r t a n t
f e a t u r e s o f each asbe s to s s tructure. The procedure
requires t h a t th e mi cro s c op i s t c l a s s i f y each p r i m a r y
f i b r o u s s truc ture into one o f th e f o u r f u n d a m e n t a l
ca t egor i e s : f i b r e s , b u n d l e s , c l u s t e r s and matrice s .
C.4.2 F i b r e s
On the s t ruc ture c o u n t i n g f o r m , a f i b r e as d e f i n e d in
C . 2 . 1 s h a l l b e recorded b y t h e d e s i g n a t i o n " F " . I f t h e
f i b r e is a s e p a r a t e l y - c o u n t e d part of a c l u s t e r or ma-t r i x , the f i b r e s h a l l be recorded by the d e s i g n a t i o n
"CF", or "MF", d e p e n d i n g on whether it is a compo-
nent of a c l u s t e r or matrix.
C.4.3 B u n d l e s
On the s t ruc ture c o u n t i n g f o r m , a b u n d l e as d e f i n e din C.2.2 s h a l l be recorded by the d e s i g n a t i o n "B". Ifthe b u n d l e is a s e p a r a t e l y - c o u n t e d part of a c l u s t e r or
matr i x , the b u n d l e s h a l l - be recorded by the de s ig-
na t i on "CB", or "MB", d e p e n d i n g on whether it is a
c o m p o n e n t of a c l u s t e r or matrix.
C.4.4 Di sper s e c lus ters ( t y p e D)
On the s t ruc ture c o u n t i n g f o r m , an i s o l a t e d c l u s t e r of
t y p e D as d e f i n e d in C.2.3 s h a l l be recorded by the
d e s i g n a t i o n "CD", f o l l o w e d by a two-d ig i t number.
T h e f i r s t d i g i t r e p r e s e n t s t h e a n a l y s t ' s e s t i m a t e o f t h e
t o t a l number o f f i b r e s a n d b u n d l e s c o m p r i s i n g t h e
structure. The d i g i t s h a l l be f r o m 1 to 9, or d e s i gna t ed
as " + " if there are e s t imat ed to be more t h a n 9
c o m p o n e n t f i b r e s o r b u n d l e s . T h e second d i g i t s h a l l
r e p r e s e n t , in the same manner, the t o t a l number of
f i b r e s and b u n d l e s l o n g e r t h a n 5 \ irr\ c o n t a i n e d in the
s t ru c tur e . T h e o v e r a l l d i m e n s i o n s o f t h e c l u s t e r , i n
two p e r p e n d i c u l a r d i r e c t i o n s r e p r e s e n t i n g th e maxi-
mum d i m e n s i o n s , s h a l l b e recorded. In order o f de-
creasing l e n g t h , up to 5 component f i b r e s or b u n d l e s
s h a l l b e s e p a r a t e l y r e corded , u s i n g t h e codes " C F "
( c l u s t e r f i b r e ) a n d " C B " ( c l u s t e r b u n d l e ) . I f , a f t e r a c -
c o u n t i n g f o r p r o m i n e n t c o m p o n e n t f i b r e s a n d bun-
d l e s , a g r o u p o f c l u s t e r e d f i b r e s r emains , t h i s s h a l l b e
re corded by th e d e s i g n a t i o n "CR" ( c l u s t e r r e s i d u a l ) .
I f t h e r e m a i n i n g c l u s t e r e d f i b r e s a r e p r e s e n t a s more
t h a n one l o c a l i z e d g r o u p , it may be neces sary to re-
cord more t h a n one c l u s t e r r e s i d u a l . Do not record
more t h a n 5 c l u s t e r r e s i d u a l s f o r a n y ' c l u s t e r . A c l u s t e r
r e s i d u a l s h a l l be measured and a s s i g n e d a t w o - d i g i t

number, derived in the same manner as s p e c i f i e d forthe overal l c lus ter. O p t i o n a l l y , i f the number of com-
ponent f i b r e s and b u n d l e s in e i t h e r the o r i g i n a l c l u s t e r
or the c l u s t e r r e s i d u a l is o u t s i d e the range 1 - 9, ad-
d i t i o n a l i n f o r m a t i o n c o n c e r n i n g the number of com-
ponent f i b r e s and b u n d l e s may be noted in the"comments" column.
C.4.5 Compac t c lus ters ( type C)
On the s t ruc ture c o u n t i n g f o r m , an i s o l a t e d c lu s t er of
t y p e C as d e f i n e d in C.2.3 s h a l l be recorded by the
d e s i g n a t i o n "CC", f o l l o w e d by a two-digi t number.
The two-d ig i t number de s c r i b ing the numbers o f
c omponen t f i b r e s and b u n d l e s s h a l l be a s s igned in thesame manner as for c l u s t e r s of t y p e D. The overal l
d i m e n s i o n s of the c l u s t e r in two p e r p e n d i c u l a r di-rect ions s h a l l be recorded in the same manner as for
c l u s t e r s of t y p e D. By d e f i n i t i o n , the c o n s t i t u t e n t f i-bres and b u n d l e s of compact c l u s t e r s cannot be sep-a r a t e l y measured; t h e r e f o r e , no s epara t e t a b u l a t i o nof c o m p o n e n t f i b r e s or b u n d l e s can be made.
C.4.6 Disper s e matrices ( t y p e D)
On the s truc ture c o u n t i n g f o r m , an i s o l a t e d matr ix oft y p e D as d e f i n e d in C.2.4 s h a l l be recorded by the
d e s i g n a t i o n "MD", f o l l o w e d by a two-d ig i t number.
The two-digi t number s h a l l be a s s igned in the samemanner as for c lu s t er s of type D. The overall dimen-
s ions of the matr ix in two p e r p e n d i c u l a r d i r e c t i o n ss h a l l be recorded in the same manner as for c l u s t e r so f t y p e D. In order o f d e c r e a s i n g l e n g t h , up to 5
c omponen t f i b r e s or b u n d l e s s h a l l be s e p a r a t e l y re-
c o r d e d , u s ing t h e codes " M F " ( m a t r i x f i b r e ) a n d
" M B " ( m a t r i x b u n d l e ) . I f a f t e r a c c o u n t i n g f o r promi-
nent c o m p o n e n t f i b r e s and b u n d l e s , ma tr i x mat er ia l
c on ta in ing asbestos f i b r e s remains, th i s s h a l l be re-
corded b y t h e d e s i g n a t i o n " M R " ( m a t r i x r e s i d u a l ) . I f
the r e m a i n i n g m a t r i x f i b r e s are present as more t h a n
one l o c a l i z e d g r o u p , it may be necessary to recordmore t h a n one m a t r i x r e s i d u a l . Do not record moret h a n 5 matr ix r e s i d u a l s for any matrix. A matr i x re-
s i d u a l s h a l l be measured and a s s i g n e d a t w o - d i g i tnumber, derived in the same manner as s p e c i f i e d for
the o v e r a l l matrix . O p t i o n a l l y , i f the number of com-
p o n e n t f i b r e s or b u n d l e s in e i t h e r th e o r i g i n a l matr i x
or the matr ix r e s i d u a l is o u t s i d e the range 1 - 9, ad-
d i t i o n a l i n f o r m a t i o n c onc ern ing the number o f com-
ponent f i b r e s and b u n d l e s may be noted in the
"comments" c o lumn.
C.4.7 Compac t matrice s ( t y p e C)
On the s t ru c tur e c o u n t i n g f o r m , an i s o l a t e d m a t r i x of
t y p e C as d e f i n e d in C.2.4 s h a l l be recorded by the
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d e s i g n a t i o n "MC", f o l l o w e d by a two-digit number.The two-digi t number s h a l l be as s igned in the same
manner as for c lu s t e r s of type D. The overall dimen-sions of the matrix in two p e r p e n d i c u l a r directionss h a l l be recorded in the same manner as for clusters
of type D, By d e f i n i t i o n , the consti tutent f i b r e s andb u n d l e s of compact matrices cannot be s e p a r a t e l ymeasured; t h e r e f o r e , no s epara t e t a b u l a t i o n of com-
p o n e n t f i b r e s or b u n d l e s can be made.
C.4.8 Procedure for recording of p a r t i a l l y
obscured f ibres and bundles
The p r o p o r t i o n of the l e n g t h of a f i b r e or b u n d l e tha tis obscured by other p a r t i c u l a t e s s ha l l be used as thebasis for d e t e r m i n i n g whether a f i b r e or b u n d l e is tobe recorded as a separate component or is to beconsidered as a part of a matrix of type C or part of
a matrix r e s i d u a l . If the obscured l e n g t h could no tp o s s i b l y be more than one-third of the to ta l l e n g t h ,
the f i b r e or b u n d l e s h a l l be considered a prominentf e a t u r e to be s epara t e ly recorded. The assignedl e n g t h for each such p a r t i a l l y obscured f i b r e or bundles h a l l be equal to the v i s i b l e l e n g t h p l u s the maximump o s s i b l e c o n t r i b u t i o n f r o m the obscured port ion. Fi-bres or b u n d l e s which a p p e a r to cross the matrix, andfor which both ends can be located a p p r o x i m a t e l y ,s h a l l be inc luded in the maximum of 5 and recordedaccording to the counting criteria as separate f i b r e s
or bund l e s . If the obscured l e n g t h could be more t h a none th ird o f the t o t a l l e n g t h , the f i b r e or b u n d l e s h a l l

be considered as a part of a compact matrix of t y p fC or part of a matrix res idual.
C.5 S p e c i a l considerations for c oun t ing
of PCM equivalent structures
Use 3/1 as the minimum aspect ratio for counting of
PCM equivalent s tructures. Thi s aspect ratio d e f i n i t i o n
is required in order to achieve c o m p a r a b i l i t y of ther e su l t s for t h i s size range of s tructure with hi s toricalo p t i c a l measurements, but use of this a spec t ratio
d e f i n i t i o n does not s i g n i f i c a n t l y a f f e c t the a b i l i t y tointerpret the whole f i b r e size di s tr ibut ion in terms ofa minimum 5/1 aspect ratio. S o m e a p p l i c a t i o n s mayrequire that a count be made of PCM equivalent
s tructures only. The cod ing system p e r m i t s d i s cr imi-nation between PCM equivalent structures that con-tain f i b r e s and bundle s longer than 5 nm and thosethat do not.
NOTE 16 In general , c lus ters and matrices wi l l y i e l dfewer components as the minimum dimensions s p e c i f i e dfor countable f i b r e s are increased. T h u s , it may be f oundthat a p a r t i c u l a r s tructure y i e l d s a higher number of com-ponent f i b r e s and bundle s in a count for all f i b r e sizes thanit does at a reduced magni f i ca t ion when only f i bre s andbund l e s l onger than 5 nm are being counted. However, therequirement that component f i br e s and b u n d l e s be recordedin decreas ing l eng th order ensures that the da ta are coisistent for a part i cular structure, regardless of the size cat-egory of f i b r e s being counted and the m a g n i f i c a t i o n in use.
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Annex D
( n o r m a t i v e )

F i b r e i d e n t i f i c a t i o n procedure
D.1 General
The cri teria used f or i d e n t i f i c a t i o n o f asbestos f i b r e s
may be se lec ted d e p e n d i n g on the intended use ofthe measurements. In some circumstances, there can
be a requirement that f i b r e s s h a l l be u n e q u i v o c a l l yi d e n t i f i e d as a s p e c i f i c mineral specie s . In o ther cir-
cums tance s , there can be s u f f i c i e n t knowl edge about
the s a m p l e , so that rigorous i d e n t i f i c a t i o n of each fi-bre need not be carried out. The time required to
p e r f o r m the a n a l y s i s , and t h e r e f o r e the cost of analy-sis, can vary w i d e l y d e p e n d i n g on the i d e n t i f i c a t i o n
c r i t e r ia cons idered which are to be s u f f i c i e n t l y d e f i n i -
tive. The c omb ina t i on o f cri teria cons idered d e f i n i t i v ef or i d e n t i f i c a t i o n o f f i b r e s in a p a r t i c u l a r ana ly s i s s h a l l
be s p e c i f i e d b e f o r e the a n a l y s i s i s made, and t h i sc omb ina t i on of cri teria s h a l l be re f erred to as the"level" of a n a l y s i s . V a r i o u s f a c t o r s re lated to instru-mental l i m i t a t i o n s and the character of the s a m p l e
may prevent s a t i s f a c t i o n o f a l l o f the s p e c i f i e d f i b r ei d e n t i f i c a t i o n cri teria f o r a p a r t i c u l a r f i b r e . T h e r e f o r e ,a record s h a l l be made of the i d e n t i f i c a t i o n criteria
which were s a t i s f i e d for each su spec t ed asbestos f i-bre i n c l u d e d in the ana ly s i s . For e x a m p l e , i f both ED
and EDXA were s p e c i f i e d to be a t t e m p t e d for d e f i n i -
t ive i d e n t i f i c a t i o n o f each f i b r e , f i b r e s with c h r y s o t i l e
m o r p h o l o g y which , for some reason, do not give anED p a t t e r n but which do y i e l d an EDXA spe c t rumc o r r e s p o n d i n g to c h r y s o t i l e , are ca t egor iz ed in a way
which conveys the level of c o n f i d e n c e to be p l a c e d in
t h e i d e n t i f i c a t i o n .
D.2 ED and EDXA techniques
D.2.1 General
Initial ly, f i b r e s are c l a s s i f i e d into two categorie s on thebasis o f m o r p h o l o g y : those f i b r e s with t u b u l a rm o r p h o l o g y , and those f i b r e s wi thout t u b u l a r
m o r p h o l o g y . F u r t h e r a n a l y s i s of each f i b r e i s con-
d u c t e d u s ing ED and EDXA methods . The f o l l o w i n g
p r o c e d u r e s s h o u l d be used when f i b r e s are examined
by ED and E D X A .
The crystal structures of some mineral f i b r e s , such as
c h r y s o t i l e , are e a s i l y d a m a g e d by the h i g h current
d e n s i t i e s required f o r E D X A examina t i on . T h e r e f o r e ,

i n v e s t i g a t i o n of these s ens i t ive f i b r e s by ED s h o u l dbe c o m p l e t e d b e f o r e a t t e m p t s are made to ob ta in
EDXA spec t ra f r o m th e f i b r e s . When more s t a b l e f i -bre's, such as the a m p h i b o l e s , are. examined, EDXAand ED may be used in e i ther order.
D.2.2 ED techniques
The ED t e chn ique can be e i ther q u a l i t a t i v e or quanti-
ta t ive . Q u a l i t a t i v e ED cons i s t s of vi sual e x a m i n a t i o n ,
without d e t a i l e d measurement, of the general char-
ac t e r i s t i c s of the ED p a t t e r n obtained on the TEM
viewing screen f r o m a r a n d o m l y oriented f i b r e . EDp a t t e r n s o b ta in ed f r o m f i b r e s with c y l i n d r i c a l symme-try, such as c h r y s o t i l e , do not change when the f i b r e s
are t i l t e d about t h e i r axes, and pa t t e rn s f r o m r a n d o m l yoriented f i b r e s of these m i n e r a l s can be i n t e r p r e t e dq u a n t i t a t i v e l y . For f i b r e s which do not have c y l i n d r i c a lsymmetry, o n l y those ED pa t t e rn s ob ta ined when the
f i b r e i s oriented wi th a p r i n c i p a l c r y s t a l l o g r a p h i c axisc l o s e l y p a r a l l e l with the in c id en t e l e c tron beam direc-t ion can be i n t e r p r e t e d q u a n t i t a t i v e l y . This t y p e of ED
p a t t e r n s h a l l be re ferred to as a "zone-axis EDpa t t e rn" . In order to in t erpre t a zone-axis ED pa t t e rn
q u a n t i t a t i v e l y , i t s h a l l be recorded p h o t o g r a p h i c a l l y
and its cons i s t ency with known mineral s truc ture ss h a l l be checked. A c o m p u t e r program may be used
to compare measurements of the zone-axis ED pat-tern with c o r r e s p o n d i n g d a t a c a l c u l a t e d f r o m known
mineral s tructure s . The zone-axis ED p a t t e r n o b t a i n e dby examinat i on of a f i b r e in a p a r t i c u l a r o r i e n t a t i o n canbe i n s u f f i c i e n t l y s p e c i f i c to permit unequivocal iden-
t i f i c a t i o n o f the mineral f i b r e , but i s i s o f t e n p o s s i b l eto t i l t the f i b r e to another a n g l e and to record a d i f -f e r e n t ED p a t t e r n c o r r e s p o n d i n g to another zone-axis.The a n g l e between the two zone-axes can a l s o bechecked for cons i s t ency with the s t ruc ture of a sus-
pec t ed m i n e r a l .
For v i sual e x a m i n a t i o n of the ED p a t t e r n , the camera
l e n g t h of the TEM s h o u l d be set to a low va lu e of
a p p r o x i m a t e l y 250 mm and the ED p a t t e r n s h o u l d
t h e n be viewed t h r o u g h the b i n o c u l a r s . T h i s proce-
dure m i n i m i z e s t h e p o s s i b l e d e g r a d a t i o n o f t h e f i b r e
by the e l e c t r o n i r r a d i a t i o n . H o w e v e r , the p a t t e r n i s
d i s t o r t e d by the t i l t a n g l e o f the v i ew ing screen. A
camera l e n g t h of at l ea s t 2 m s h o u l d be used when
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the ED p a t t e r n i s -r e corded , if accurate measurement
of the p a t t e r n is to be po s s i b l e . It is necessary t h a t ,
when ob ta in ing an ED p a t t e r n to be evaluated v i s u a l l yor to be recorded, the s a m p l e he ight s h a l l be p r o p e r l y
a d j u s t e d to the eucentric po in t and the image s h a l l bef o c u s s e d in the p l a n e of the s e l e c t ed area aper ture .
If t h i s is not done, there may be some c o m p o n e n t sof the ED p a t t e r n which do not or ig ina t e f r o m the
s e l e c t e d area. In general , it will be necessary to use
the s m a l l e s t a v a i l a b l e ED aper ture .
For accurate measurements of the ED p a t t e r n , an
int ernal c a l i b r a t i o n s tandard s h a l l be used. A thincoa t ing of g o l d , or another s u i t a b l e c a l i b r a t i o n mate-
r i a l , s h a l l be a p p l i e d to the unders ide o f the TEMspec imen. This c o a t i n g may be a p p l i e d ei ther by vac-
uum evapora t i on or, more conveniently, by s p u t t e r i n g .The p o l y c r y s t a l l i n e go ld f i l m y i e ld s d i f f r a c t i o n rings on
every ED pat tern and these rings provide the required
ca l i bra t i on in f ormat i on .
To f o r m an ED p a t t e r n , move the image of the f i b r eto the centre of the viewing screen, a d j u s t the heightof the sp e c imen to the eucentric p o s i t i o n , and inserta su i t ab l e selected area aperture into the electron
beam so that the f i b r e , or a portion of it, occupies a
large p r o p o r t i o n of the i l l u m i n a t e d area. The size of
the aper ture and the por t ion of the f i b r e s h a l l be suchtha t p a r t i c l e s o ther than the one to be examined are
e x c l u d e d f r o m the s e l e c t ed area. Observe the EDp a t t e r n t h r o u g h the b inocu lar s . D u r i n g the observa-
t i o n , the o b j e c t i v e l ens current should be a d j u s t e d tothe p o i n t where the most c o m p l e t e ED p a t t e r n is ob-
tained. If an in c ompl e t e ED pat tern i s s t i l l obtained,
move the p a r t i c l e around within the selected area toa t t empt to op t imize the ED pat t ern, or to e l iminate
p o s s i b l e i n t e r f e r e n c e s f r o m n e i g h b o u r i n g p a r t i c l e s .
If a zone-axis ED a n a l y s i s is to be a t t e m p t e d on thef i b r e , the s a m p l e sha l l be mounted in the a p p r o p r i a t eholder. The most convenient holder al lows comple t e
rotation of the specimen grid and t i l t i n g of the gridabout a s i n g l e axis. Rotate the s a m p l e until the f i b r eimage i n d i c a t e s that the f i b r e i s oriented with i t s
l e n g t h c o in c id en t with the t i l t axis o f the goniometer ,
and a d j u s t the s a m p l e h e i g h t u n t i l the f i b r e i s at the
eucentr i c p o s i t i o n . Til t th e f i b r e unt i l an ED a p p e a r s
which is a symmetr i ca l , two d imens ional array of
s p o t s . The recognition of zone-axis a l ignment condi-
t ions requires some experience on the part of the
operator. During t i l t i n g of the f i b r e to obtain zone-axis
c o n d i t i o n s , the manner in which the in t en s i t i e s of the
s p o t s vary s h o u l d b e observed. I f weak r e f l e c t i o n s

occur at some p o i n t s on a matrix of strong ref lec t ions, .-the p o s s i b i l i t y of tw inning or m u l t i p l e d i f f r a c t i o n ef
ists, and some caution should be exercised in the se-
l e c t i o n o f d i f f r a c t i o n s p o t s f o r measurement a n d
i n t e r p r e t a t i o n . A f u l l d i s cu s s i on o f e l e c t ron d i f f r a c t i o n
and m u l t i p l e d i f f r a c t i o n can be f o u n d in the r e f erence sby J.A. G a r d ["] P.B. H i r s c h e t a /r .™] a n d H . R . W e n c k
[42] inc luded in annex J. Not al l zone-axis p a t t e r n s
which can be obtained are d e f i n i t i v e . Only those
which have c lo s e ly spaced r e f l e c t i o n s corre spondingto low indices in at least one direction should be re-
corded. Patterns in which all d-spacings are less thanabout 0,3 nm are not d e f in i t iv e . A u s e f u l g u i d e l i n e is
that the lowest angle r e f l e c t i o n s s hou ld be w i t h i n theradius o f t h e f i r s t g o l d d i f f r a c t i o n r ing ( 1 1 1 ) , a n d that
p a t t e r n s with s m a l l e r d i s tance s between r e f l e c t i o n sare u s u a l l y the most d e f i n i t i v e .
Five spot s , closest to the centre spot , a long twointersec t ing lines of the zone-axis pattern s h a l l be se-
l e c t ed for measurement, as shown in f i g u r e D.1. Thedi s tanc e s of these spo t s f r o m the centre spot and the
f o u r a n g l e s shown provide the required data f or anal-ysis. S i n c e the centre spot is u s u a l l y very overex-
po s ed , it does not provide a w e l l - d e f i n e d o r ig in forthese measurements. The required d i s t anc e s s h a l l
there fore be obtained by measuring between pairs ofspot s symmetr i ca l ly disposed about the centre spot• p r e f e r a b l y separated by several repeat di s tances . Thdi s tance s sha l l be measured with a prec i s i on of bet terthan 0,3 mm, and the a n g l e s to a pre c i s i on of bet terthan 2 , 5 ° . T h e d iameter o f t h e f i r s t o r second ring o fthe c a l i b r a t i o n p a t t e r n ( 1 1 1 and 200) s h a l l a l s o be
measured with a pre c i s i on of better than 0,3 mm.
U s i n g go ld as the ca l ibra t ion material , the radius-based camera constant is given by

)L = 0,117 74D mm-nm (first r i n g )
XL - 0,101 97D mm-nm (second r ing)

D.2.3 EOXA measurements
I n t e r p r e t a t i o n of the EDXA spectrum may be either
q u a l i t a t i v e or quant i ta t iv e . For q u a l i t a t i v e i n t e r p r e t a t i o n
of a s p e c t rum, the X-ray p eak s o r i g i n a t i n g f r o m the
e l ement s in the f i b r e are recorded. For q u a n t i t a t i v ei n t e r p r e t a t i o n , the net p e a k areas, a f t e r backgroundsub trac t ion, are obtained for the X-ray p e a k s or ig inat-
ing ' f rom th e e l ements in th e f i b r e . T h i s method pro-
vides quanti tat ive in t e rpre ta t i on for those mineral swhich contain s i l i con.
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S p o t 3
S p o t 2 S p o t 1

S p o t 4

S p o t s

Rgure D.I — E x a m p l e of measurement of zone-axis S A E D pat t erns

To obtain an EDXA spe c t rum, move the image of thef i b r e to the centre of the screen and remove the ob-
j e c t i v e aperture. S e l e c t an a p p r o p r i a t e e l e c t ron beamdiame t er and d e f l e c t the beam so that it i m p i n g e s on
the f i b r e . D e p e n d i n g on the ins trumentat ion, it maybe necessary to tilt the spec imen towards the X-ray
d e t e c t o r and , in some in s t rument s , to use the Scan-ning T r a n s m i s s i o n E l e c t r o n M i c r o s c o p y ( S T E M ) mode
of operation.
The time for a cqu i s i t i on o f a s u i t a b l e s p e c t rum varies
with the f i b r e d iame t e r , and a l so with in s trumenta l
f a c t o r s . F o r q u a n t i t a t i v e i n t e r p r e t a t i o n , sp e c t ra shou ldhave a s t a t i s t i c a l l y v a l i d number of counts in each
peak. A n a l y s e s o f s m a l l d i a m e t e r f i b r e s which contain
s o d i u m are the most c r i t i c a l , since it is in the low en-
ergy range that the X-ray de t e c tor is least sensitive.C o n s e q u e n t l y , it is necessary to acquire a sp e c t rumfor a p e r i od that i s s u f f i c i e n t l y l o n g for the sodium tobe de t e c t ed in such f i b r e s . It has been f o u n d thats a t i s f a c t o r y q u a n t i t a t i v e an analys e s can be ob ta ined
if a c q u i s i t i o n is cont inued un t i l the background sub-tracted s i l i c o n Kot p eak i n t e g r a l exceeds 10 000
counts. The s p e c t r u m s h o u l d then be m a n i p u l a t e d to
sub trac t the background and to ob ta in the net areas
of the e l ementa l peaks.
A f t e r q u a n t i t a t i v e E D X A c l a s s i f i c a t i o n o f some f i b r e s
by c o m p u t e r a n a l y s i s of the net p e a k areas, it may be
p o s s i b l e t o c l a s s i f y f u r t h e r f i b r e s i n t h e same s a m p l e

on the . basis of comparison of spec tra at theintrument . F r e q u e n t l y , v i sual c ompar i s on s can bemade a f t e r somewhat shorter a c q u i s i t i o n times.
D.3 I n t e r p r e t a t i o n of f i b r e analys i s data
D.3.1 C h r y s o t i l e
The m o r p h o l o g i c a l structure of c h r y s o t i l e is charac-t er i s t i c , and wi th experience, can be recognized read-ily. However, a few h o l d e r mineral s have a s i m i l a ra p p e a r a n c e , and m o r p h o l o g i c a l observation by i t s e l fis inadequate for most sample s . The ED p a t t e r n ob-tained f r o m c h r y s o t i l e i s quite s p e c i f i c f or th i s mineralif the s p e c i f i e d charac t er i s t i c s o f the p a t t e r n corre-spond to those f r o m re f erence chrysot i l e . However,
d e p e n d i n g on the past history of the f i b r e , and on anumber of o ther f a c t o r s , the crystal s tructure of ap a r t i c u l a r f i b r e may be d a m a g e d , and it may not yie ld
and ED pa t t e rn . In th i s case, the EDXA spe c t rum maybe the only data a v a i l a b l e to s u p p l e m e n t them o r p h o l o g i c a l observations.
D.3.2 A m p h i b o l e s
S i n c e t h e f i b r e i d e n t i f i c a t i o n proc edure f o r asbe s to s
f i b r e s o ther than c h r y s o t i l e can be involved and time-c on suming , c o m p u t e r programmes , such as that de-v e l o p e d by B.L. R h o a d e s (see annex J, r e f er ence
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[32]), are recommended for in t erpre ta t i on of zone-
axis ED p a t t e r n s . The p u b l i s h e d l i t e r a t u r e c on ta in s
c o m p o s i t i o n and c r y s t a l l o g r a p h i c data f or a l l o f th e
f i b r o u s mineral s l i k e l y to be encountered in TEManaly s i s of air s a m p l e s , and the c o m p o s i t i o n a l ands t ruc tura l da ta f r o m the unknown f i b r e should becompared with the p u b l i s h e d data. Demonstration
that the measurements are consi s tent with the data
for a p a r t i c u l a r test mineral does not uniquely i d e n t i f ythe unknown, since the p o s s i b i l i t y exists that data
f r o m o ther mineral s may al so be consistent. It i s ,
however, u n l i k e l y that a mineral of another structuralclass could yield data consistent with that f r o m ana m p h i b o l e f i b r e i d e n t i f i e d by quan t i t a t i v e EDXA and
two zone-axis ED pat t erns .
S u s p e c t e d a m p h i b o l e f i b r e s s h o u l d be c l a s s i f i e d ini-tially on the basis of chemical composition. Eitherq u a l i t a t i v e or q u a n t i t a t i v e EDXA i n f o r m a t i o n may beused as the basis for t h i s c l a s s i f i c a t i o n . F r o m the
p u b l i s h e d data on mineral compositions, a list of min-eral s which are consi s tent in c o m p o s i t i o n with that
measured for the unknown f i b r e should be c o m p i l e d .To proceed f u r t h e r , it is necessary to obtain the f i r s tzone-axis ED pa t t e rn , ac cord ing to D.2.2.

It i s p o s s i b l e to s p e c i f y a p a r t i c u l a r zone-axis pa t t ernf or i d e n t i f i c a t i o n o f a m p h i b o l e , since a f ew pa t t e rn sare o f t e n considered to be characteristic. U n f o r t u -nat e ly , for a f i b r e with random or i enta t ion on a TEMgrid, no sp e c imen h o l d e r and goniometer current lyavai lab l e will permit convenient and rapid location oftwo pr e s e l e c t ed zone-axes. The most p r a c t i c a l ap-proach has been a d o p t e d , which is to a c c e p t ' t h o s elow index p a t t e r n s which are e a s i l y ob ta ined, and thento test the ir consi s t ency with the structures of theminerals already prese lec ted on the basis of the EDXA
data . Even the s tructures of non-amphibo l e mineral sin t h i s pre s e l e c t ed l i s t s h a l l be te s ted against thezone-axis data obtained for the unknown f i b r e , sincen o n - a m p h i b o l e mineral s in some or i en ta t i on s mayy i e l d s i m i l a r p a t t e r n s consis tent with a m p h i b o l estructures.
The zone-axis ED interpre ta t ion shall inc lude all min-erals pr ev i ou s ly se lec ted f r o m the mineral data f i le asbe ing c h e m i c a l l y c o m p a t i b l e with th e EDXA data. Thi sprocedure wil l u sual ly shorten the list of minerals forwhich s o l u t i o n s have been f o u n d . A second set of
zone-axis data f r o m another p a t t e r n ob ta ined on the

same f i b r e can then be processed, either as f u r t h e r
c o n f i r m a t i o n of the i d e n t i f i c a t i o n , or to a t t e m p t elir<-
inat ion of an ambigui ty . In a d d i t i o n , the a n g l e meas-
ured between the orientations of the two zone-axes
can be checked for consi s tency with the s tructure sof the minerals. Cau t i on should be exercised in ratio-nalizing the inter-zone-axis angle, since if the f i b r e
contains c-axis tw inning, the two zone-axis ED pat-
terns may originate f r o m the s epara t e twin crys ta l s .In practice, t h e f u l l i d e n t i f i c a t i o n procedure willnormal ly be a p p l i e d to very few f i b r e s , unl e s s prec i s ei d e n t i f i c a t i o n of all f i b r e s is required- for a p a r t i c u l a rreason.
D.4 Fibre c l a s s i f i c a t i o n categories
It is not always p o s s i b l e to proceed to a d e f i n i t i v ei d e n t i f i c a t i o n of a f i b r e ; t h i s may be due to in s tru-
mental l imi ta t i on s or to the actual nature of the f i b r e .In many analyse s , a d e f i n i t i v e i d e n t i f i c a t i o n o f each
f i b r e may not a c t u a l l y be necessary if there is otherknowl edge a v a i l a b l e about the s a m p l e , or if the con-centration is below a level of interest. The a n a l y t i c a lprocedure shall there fore take into account both in-
s trumental l i m i t a t i o n s and varied a n a l y t i c a l require-
ments. A c c o r d i n g l y , a system for f i b r e c l a s s i f i c a t i o n i sused to permit accurate recording of data. The classi-f i c a t i o n s are shown in t a b l e s D.1 and D.2, and are rrected towards i d e n t i f i c a t i o n of c h r y s o t i l e anc.amphibo l e respectively. Fibre s shall be reported in"these categories.

The general p r i n c i p l e to be f o l l o w e d in th i s a n a l y t i c a lprocedure i s f i r s t to d e f i n e the most s p e c i f i c f i b r ec la s s i f i ca t i on which is to be a t t e m p t e d , or the"level" of analysi s to be conducted. T h e n , for eachf i b r e examined, record the c l a s s i f i c a t i o n which is ac-
t u a l l y achieved. D e p e n d i n g on the intended use of there su l t s , criteria for acceptance of f i b r e s as" i d e n t i f i e d " can then be e s t a b l i s h e d at any t ime a f t e rcomple t ion of the analysis.
In an unknown sample , chryso t i l e wi l l be regarded ascon f i rmed only if a recorded, c a l i b r a t e d ED pa t t e rnf r om one f i b r e in the CD categories is o b ta ined , or if
measurements of the ED pattern are recorded at theinstrument. A m p h i b o l e w i l l be regarded as c o n f i r m e donly by o b t a i n i n g recorded da ta which i n d i c a t e s ex-c lu s ive ly the presence of amph ibo l e s for f i b r e s clas-s i f i e d in the AZQ, AZZ or AZZQ categories .
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T a b l e D.I — C l a s s i f i c a t i o n of f i br e s with tubular m o r p h o l o g y
Category Description

T M
CM
CD
CQ

C M Q
CDQ
N A M

T u b u l a r M o r p h o l o g y , no t s u f f i c i e n t l y characteris t ic f or c l a s s i f i c a t i o n a s chry s o t i l e
Charac t e r i s t i c C h r y s o t i l e M o r p h o l o g y
C h r y s o t i l e S A E D pa t t e rn
C h r y s o t i l e c ompo s i t i on by Quant i ta t ive EDXA
Chrysot i l e M o r p h o l o g y and composition by Quantitative EDXA
C h r y s o t i l e SAED p a t t e r n and composi t ion by Quant i t a t i v e EDXA
N o n - A s b e s t o s M i n e r a l

T a b l e D.2 — C l a s s i f i c a t i o n of f i b r e s without tubular m o r p h o l o g y
Category Descript ion

U F
AD
AX

ADX
AQ
AZ

ADQ
AZQ
AZZ

A Z Z Q
N A M

U n i d e n t i f i e d F i b r e
A m p h i b o l e by random or i en ta t i on SAED (shows layer p a t t e r n of 0,53 nm s p a c i n g )
A m p h i b o l e by q u a l i t a t i v e EDXA. S p e c t r u m has e l e m e n t a l c omponent s consistent with a m p h i b o l e
A m p h i b o l e by random orientat ion SAED and q u a l i t a t i v e EDXA
A m p h i b o l e by Quant i ta t ive EDXA
A m p h i b o l e by one Zone-axis SAED pat t ern
A m p h i b o l e by random or i en ta t i on SAED and Q u a n t i t a t i v e EDXA
A m p h i b o l e by one Zone-axis SAED p a t t e r n and Quant i ta t iv e EDXA
A m p h i b o l e by two Zone-axis SAED pat t e rn s , with consistent interaxial a n g l e
A m p h i b o l e by two Zone-axis SAED p a t t e r n s , with consi s tent interaxial a n g l e , and Q u a n t i t a t i v e EDXA
N o n - A s b e s t o s M i n e r a l

D.4.1 Procedure for c l a s s i f i c a t i o n of f i b r e s
with tubu lar m o r p h o l o g y suspected to be
chry so t i l e
O c c a s i o n a l l y , f i b r e s are encountered which have tu-b u l a r m o r p h o l o g y s i m i l a r to that of c h r y s o t i l e , butwhich cannot be characterized f u r t h e r e i ther by ED
or EDXA. T h e y may be n o n - c r y s t a l l i n e , in which caseED t e chnique s are not u s e f u l , or they may be in a
p o s i t i o n on the grid which does not permit an EDXAs p e c t rum to be o b ta ined . A l t e r n a t i v e l y , the f i b r e maybe of organic or igin, but the m o r p h o l o g y and compo-si t ion may not be s u f f i c i e n t l y d e f i n i t i v e enough to be
d i s r e g a r d e d . A c c o r d i n g l y , there is a requirement torecord each f i b r e , and to s p e c i f y how c o n f i d e n t l y each
f i b r e can b e i d e n t i f i e d . C l a s s i f i c a t i o n o f f i b r e s w i l l

meet with various degree s of success. F i g u r e D.2shows the c l a s s i f i c a t i o n procedure to be used for fi-
bres which d i s p l a y any t u b u l a r m o r p h o l o g y . The chart
is s e l f e x p l a n a t o r y , and every f i b r e is e i ther r e j e c t edas a non-asbestos mineral (NAM). or c l a s s i f i e d insome way which by some la t e r .criterion could stillcontribute to the c h r y s o t i l e f i b r e count.
M o r p h o l o g y i s the f i r s t c o n s i d e r a t i o n , and if t h i s i s nots i m i l a r to t h a t u s u a l l y seen in c h r y s o t i l e s tandards a m p l e s , d e s i g n a t e t h e i n i t i a l c l a s s i f i c a t i o n a s T M .R e g a r d l e s s o f the d o u b t f u l m o r p h o l o g y , examine thef i b r e by ED and EDXA methods a c cord ing tof i g u r e D.2. W h e r e the m o r p h o l o g y i s more d e f i n i t i v e ,
it may be p o s s i b l e to c l a s s i f y the f i b r e as hav ingchryso t i i e m o r p h o l o g y ( C M ) .

37



ISO 10312:1995(E) O I S O

F I B R E W I T H T U B U L A R M O R P H O L O G Y

Is f i b r e m o r p h o l o g y characteristic of thatd i sp layed fay reference chrysotile?

NO

TM

Examine by SAED

Pattern notchrysoti le

N A M

Chryso t i l epat t ern

Pattern not presentor indi s t inc t

Examine by quantitative EDXA

Compos i t i on not thatof chrysotile Chryso t i l ecompos i t ion

N o spectrum_L
CO

YES

T
Examine by SAED

Chryso t i l epat t ern Pattern notchrysoti le

N A M

Pattern not presentor indist inct

Examine by quantitative EDXA

Chryso t i l ecomposition C o m p o s i t i o n not thatof chrysotile.

N o spectrum

CM N A M

Examine by quanti tat ive EDXA

Composition not thatof chrysoti le Chrysotilec ompo s i t i on

N o spectrum
CD

F i g u r e D.2 — C l a s s i f i c a t i o n chart for f i b r e with t u b u l a r m o r p h o l o g y
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F o r c l a s s i f i c a t i o n a s C M , t h e m o r p h o l o g i c a l character-
i s t i c s required are the f o l l o w i n g :
a ) t h e i n d i v i d u a l f i b r i l s s h o u l d have h i g h a spec t ra t i o s

e x c e ed ing 5 / 1 , and be about 30 nm to 40 nm in
d i a m e t e r ;

b) the e l e c t ron s c a t t e r i n g power of the f i b r e at60 kV to 100 kV ac c e l e ra t ing po t en t i a l should be
s u f f i c i e n t l y low for the in t e rna l s truc ture to be
v i s i b l e ;

c) there shou ld be some evidence of an in t erna l
s t ruc ture s u g g e s t i n g a t u b u l a r a p p e a r a n c e s i m i l a rto tha t shown by r e f e r enc e UICC c h r y s o t i l e ,
which may d e g r a d e in the e l e c t ron beam.

E x a m i n e every f i b r e hav ing these m o r p h o l o g i c a l char-
a c t e r i s t i c s by the ED technique, and c l a s s i f y asc h r y s o t i l e by ED (CD) o n l y those which give d i f f r a c t i o n
p a t t e r n s with the preci se charac t er i s t i c s shown inf i g u r e D.3. The relevant f e a t u r e s in t h i s p a t t e r n f o r
i d e n t i f i c a t i o n of chryso t i l e are as f o l l o w s :
a) the (002) r e f l e c t i o n s s hou ld be examined to de-termine t h a t t h e y corre spond c l o s e l y to a s p a c i n g

of 0,73 nm;
b ) t h e l ayer l i n e repeat d i s t a n c e s h o u l d correspond

to 0,53 nm;
c) there s h o u l d be " s t r eak ing" o f the ( 1 1 0 ) and ( 1 3 0 )

r e f l e c t i o n s .

F i g u r e D.3 — C h r y s o t i l e SAED pat t ern

U s i n g the m i l l i m e t r e c a l i b r a t i o n s on the TEM viewing
screen, these observations can r e a d i l y be made at the
in s t rument . I f documentary p r o o f o f f i b r e i d e n t i f i c a t i o nis required, record a TEM micrograph of at l ea s t one
r epr e s en ta t i v e f i b r e , and record its ED p a t t e r n on a
s epara t e f i l m o r p l a t e . T h i s f i l m o r p l a t e s h a l l a l s o carry
c a l i b r a t i o n rings f r o m a known p o l y c r y s t a l l i n e sub-
stance such as g o l d . This c a l i b r a t e d p a t t e r n i s the o n l ydocumentary proo f that the p a r t i c u l a r f i b r e is
c h r y s o t i l e , and not some other t u b u l a r or s c r o l l e d
sp e c i e s such as h a l l o y s i t e , p a l y g o r s k i t e , t a l c or
v e r m i c u l i t e . The p r o p o r t i o n of f i b r e s which can bes u c c e s s f u l l y i d e n t i f i e d as c h r y s o t i l e by ED is v a r i a b l e ,
and to some extent d e p e n d e n t on both the ins tru-ment and the procedure s o f the operator. The f i b r e sthat fa i l t o y i e l d an i d e n t i f i a b l e ED p a t t e r n w i l l remainin the TM or CM cat egor i e s u n l e s s they are examined
by E D X A .
In the EDXA a n a l y s i s o f c h r y s o t i l e there are o n l y two
e l e m e n t s which a r e re levant. F o r f i b r e c l a s s i f i c a t i o n ,t h e E D X A a n a l y s i s s h a l l b e quant i ta t iv e . I f t h e spec-trum d i s p l a y s prominent peaks f rom magnesium and
s i l i c o n , with the ir areas in the a p p r o p r i a t e ra t i o , andwith o n l y minor peaks f r o m other e l e m e n t s , c l a s s i f y
the f i b r e as c h r y s o t i l e by q u a n t i t a t i v e EDXA, in the
c a t e g o r i e s CQ, C M Q , or CDQ, as a p p r o p r i a t e .
D.4.2 Procedure for c l a s s i f i c a t i o n of f i b r e s
without t u b u l a r m o r p h o l o g y , suspec ted to be
a m p h i b o l e
Every p a r t i c l e w i thou t t u b u l a r m o r p h o l o g y and whichis not o b v i o u s l y of b i o l o g i c a l o r i g i n , with an a spe c tra t i o o f 5/1 or greater , and hav ing p a r a l l e l or s t e p p e d
s i d e s , s h a l l be cons idered as a s u sp e c t ed a m p h i b o l ef i b r e . F u r t h e r e x a m i n a t i o n of the f i b r e by ED and
EDXA t e chn ique s w i l l meet with a v a r i a b l e d egr e e o fsuccess, d e p e n d i n g on the nature of the f i b r e and on
a number o f i n s t r u m e n t a l l i m i t a t i o n s . It w i l l no t b e
p o s s i b l e to i d e n t i f y every f i b r e c o m p l e t e l y , even if
t ime and cost are of no concern. Moreover , c o n f i r -m a t i o n of the pre s ence of a m p h i b o l e can be achieved
o n l y by q u a n t i t a t i v e i n t e r p r e t a t i o n of zone-axis ED
p a t t e r n s , a very t ime-consuming proc edure . Accord-
i n g l y , f o r routine s a m p l e s f r o m unknown sources, t h i s
a n a l y t i c a l pro c edure l i m i t s t h e requirement f o r zone-
axis ED work to a m i n i m u m of one f i b r e represen-
t a t i v e o f each c o m p o s i t i o n a l c l a s s r e p o r t e d . I n some
s a m p l e s , it may be necessary to i d e n t i f y more f i b r e sb y t h e zone-axis t e c h n i q u e . W h e n a n a l y s i n g s a m p l e s
f r o m w e l l - c h a r a c t e r i z e d sources, t h e cost o f i d e n t i f i -
ca t ion by zone-axis m e t h o d s may not be j u s t i f i e d .
The 0,53 nm layer s p a c i n g of the random o r i e n t a t i o n
ED p a t t e r n i s no t by i t s e l f d i a g n o s t i c f or a m p h i b o l e .
H o w e v e r , t h e p r e s enc e o f c-axi s t w i n n i n g in many f i -
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f ar e s l eads to contributions to the layers in the pat-
terns by several i n d i v i d u a l p a r a l l e l c ry s ta l s o f d i f f e r e n taxial o r i en ta t i on s . T h i s a p p a r e n t l y random p o s i t i o n i n g
of the s p o t s a long the layer l ines , if also associated
wi th a h igh f i b r e aspect ratio, is a charac t er i s t i c of
a m p h i b o l e asbestos, and thus has some l imi t ed diag-
nostic value. If a pa t t e rn of this type is not obtained,
the i d e n t i t y o f the f i b r e i s s t i l l ambiguous , since theabsence of a r e cognizab l e p a t t e r n may be a conse-quence of an unsuitable orientation relative to thee l e c tron beam, or the f i b r e may be some other min-eral spec ie s .
F i g u r e D.4 shows the f i b r e c l a s s i f i c a t i o n chart to be
used for suspected amph ibo l e f ibres . T h i s chartshows al l the c l a s s i f i c a t i o n p a t h s p o s s i b l e in analy s i sof a s u sp e c t ed a m p h i b o l e f i b r e , when examined sys-t e m a t i c a l l y by ED and EDXA. Two routes are po s s ib l e ,
d e p e n d i n g on whether an a t t e m p t to o b ta in an EDXAs p e c t r u m or a random orientat ion ED p a t t e r n is madef i r s t . The normal procedure for analysi s of a sampleof unknown origin wi l l be to examine the f i b r e byrandom orientat ion ED, qual i ta t ive EDXA, quant i ta t iveEDXA, and zone-axis ED, in t h i s sequence. The f i n a lf i b r e c l a s s i f i c a t i o n ass igned wil l be d e f i n e d either bysu c c e s s fu l analys i s at the maximum required level,

or by the instrumental l imitations. Any instrument^
l i m i t a t i o n s which a f f e c t th e q u a l i t y o f th e r e su l t s sh f
be noted. Record the maximum c l a s s i f i c a t i o nachieved for each f i br e on the counting sheet in the
a p p r o p r i a t e column. The various c l a s s i f i c a t i o n catego-ries can then be combined l a t e r in any desired way for
ca l cu la t ion of the f i b r e concentration. The comple t e
record of the c e su l t s obtained when a t t e m p t i n g to
i d e n t i f y each f i b r e can also be used to re-assess thedata if necessary.
In the unknown sample , zone-axis analysis will be re-quired if the presence of a m p h i b o l e is to be
unequ ivo ca l ly c o n f i r m e d . For thi s level of a n a l y s i s , at-tempt to raise the c l a s s i f i c a t i o n of every suspected
a m p h i b o l e f i b r e to the ADQ category by i n s p e c t i o n ofthe random or i en ta t i on ED p a t t e r n and the EDXAspectrum. In add i t i on , examine at least one f i b r e f r o m
each type of su spec t ed a m p h i b o l e f o u n d by zone-axismethods to c o n f i r m the ir i d e n t i f i c a t i o n . In most cases,because in format i on exists about pos s ib l e sources ofasbestos in close p r o x i m i t y to the air s a m p l i n g lo-
cat ion, some degree of amb igu i ty of i d e n t i f i c a t i o n canbe accepted. Lower l eve l s of analys i s can ther e f or ebe acc ep t ed for these s i tuat ions .
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F I B R E W I T H O U T T U B U L A R M O R P H O L O G Y
tDM* f ibr e EDXA ipectnim thaw demandcontinent with arriphibale?

Examine by randomorientation SAEO
YES NO

No spectrum

0*3—i
Does quantitative EDXAgive f i br e compositionconsistent withamphibole?

YES

b lit zone-ens S A E Dpattern consistent withamphibole?

NO

YES

No pattern

F A O

Uniquelyamphibo l e
solution

NO ]
I M A M )

Pattern not presentor indistinct Layer pattern with0,53 run spacing

Pattern d e f i n i t e l ynot amphibole type

Doe* EDXA spectrumshow elements consistentwith amphibo l e?
Does EDXA spectrumshow elements consistentwith a m p h i b o l e ?

NO YES YES

No spectrum

NO

N o spectrum

( A D I — —

Does quantitative EDXA Does quanti tat ive EDXAIs 1st zone-axis SAED give f ibre c ompos i t i on give f i br e compositionpattern consistent with consistent with consistent withamphibole? amphibo l e? a m p h i b o l e ?
I

la 1st tone-axis SAED
pat t e rn consistent withamphibole?

NO YES

N o pattern
I A O l

Aim 2nd zone-axis SAEDpattern and intenutiala n g f e consistent with*mp hi bo to?

I* 1st zone-axis SAEDpattern consistent withamphibole?

Is 1st zone-axis SAEDpat t ern consistent witha m p h i b o l e ? . Are 2nd zone-axis SAEDpattern and interaxial
ang l e consistent withamphibo l e?

Are 2nd zone-axis SAED pattern and interaxialangle consistent with a m p h i b o l e ?

U n i q u e l ya m p h i b o l es o lu t i on

F i g u r e D.4 — C l a s s i f i c a t i o n chart for f i b r e without t u b u l a r m o r p h o l o g y
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Annex E
(normative)

Determination of the concentrations of asbestos f i br e s and bundles longerthan 5 |im, and PCM equivalent asbestos f i b r e s
In order to prov ide increased s t a t i s t i c a l pr e c i s i on andimproved a n a l y t i c a l s en s i t i v i ty for those asbestos f i-bres and bundles longer than 5 urn, it may be decidedto p e r f o r m a d d i t i o n a l f i b r e count ing at a lower magni-f i c a t i o n , tak ing account only into f i b r e s and bund l e swi th in t h i s d imens ional range. The result s h a l l bes p e c i f i e d as "number of asbestos f i b r e s and b u n d l e s
l onger than 5 (im". For this examination, use a mag-n i f i c a t i o n of a p p r o x i m a t e l y x 10 000, and continue to
as s ign a m o r p h o l o g i c a l code to each structure ac-cording to the procedures s p e c i f i e d in annex C. Re-cord f i b r e s and b u n d l e s o n l y if the ir l e n g t h s exceed5 jim. Record c lu s t e r and matrix component s on ly iftheir l ength s exceed 5 (im.

It may also be decided to provide increased stati s t icalprecision and improved a n a l y t i c a l s en s i t iv i ty forf i b r o u s s tructures l o n g e r than 5 nm, with diametersbetween 0,2 |im and 3,0 (im, which have hi s tor i ca l lybeen the basis of risk e s t imat ion in the o c c u p a t i o n a lenvironment (PCM equivalent asbestos f i b r e s ) . Use am a g n i f i c a t i o n of a p p r o x i m a t e l y x 5 000 for this ex-t ended f i b r e count. The result s h a l l be s p e c i f i e d as"number of PCM equivalent asbestos f i b r e s " .Asbestos structures within this dimensional range do
not nec e s sar i ly incorporate asbestos f i b r e s or b u n d l e sl onger than 5 nm.

Cont inue the extended sample examination u n t i l 100asbestos s tructures have been counted, or u n t i l as u f f i c i e n t area of the specimen has been examined toachieve the desired ana ly t i ca l s ens i t iv i ty c a l c u l a t e daccording to tab l e 1. The grid o p e n i n g s examined shal lbe d iv ided a p p r o x i m a t e l y equal ly between a minimumof two spec imen g r i d s . .
N O T E S
17 The specimen area corresponding to the area of filterexamined in the PCM f i b r e counting methods is0,785 mm2, and is equivalent to approx imat e ly 100 gridopen ing s of a 200 mesh grid.
18 Some N a t i o n a l S t a n d a r d s require that asbestos f i b r e slonger than 2,5 nm, with diameters between 0,2 urn and3,0 urn be counted. Use a m a g n i f i c a t i o n of. x 5 000 fc •count ing f i b r e s wi th in these dimensional ranges.
19 The minimum aspect ratio for d e f i n i t i o n of a f i b r e inPCM f i b r e counting methods and in some Nat iona l Stan-dards is 3 / 1 . Use of a 3/1 aspect ratio is permit t ed in th i sI n t e r n a t i o n a l S t a n d a r d , if this aspect ratio is mentioned inthe test report.

The test reports shal l include all of the items l i s t ed inclause 11.
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Annex F( n o r m a t i v e )
C a l c u l a t i o n of result s

F.1 General
The r e su l t s s hou ld be c a l c u l a t e d u s ing the proceduress p e c i f i e d below. The r e s u l t s can be c o n v e n i e n t l y cal-cu la t ed u s ing a comput er programme.

F.2 Tes t for u n i f o r m i t y o f d i s t r i bu t i on o f
f i b r o u s structures on TEM gr id s
A chek s h a l l be made us ing the chi-square t e s t , to
de t ermine whether the asbes tos s tructures f o u n d oni n d i v i d u a l gr id o p e n i n g s are r a n d o m l y and u n i f o r m l y
d i s t r i b u t e d among t h e grid o p e n i n g s . I f t h e t o ta lnumber f o u n d in k gr id o p e n i n g s is n, and the areasof the k i n d i v i d u a l frid o p e n i n g s are d e s i g n a t e d A, to
A t, then the t o t a l area of TEM spec imen examined is

The f r a c t i o n of the t o t a l area examined which is rep-resented by the i n d i v i d u a l grid o p e n i n g area, p t, is
given by A-JA. If the s truc ture s are r a n d o m l y and uni-f o r m l y d i s p e r s e d over the k gr id o p e n i n g s e x a m i n e d ,
the e x p e c t e d number of s tructures fal l ing in one grid
o p e n i n g with area A^ is npt. If the observed number ofs t ru c tur e s f o u n d on that gr id o p e n i n g is « ;, then

2 _X —
(n, -,

"Pi

T h i s value s h a l l b e compared with s i g n i f i c a n c e p o i n t s
o f t h e chi-square d i s t r i b u t i o n , having ( £ - 1 ) degree sof f r e e d o m . S i g n i f i c a n c e l e v e l s lower than 0,1 % maybe cause for the s a m p l e a n a l y s i s to be r e j e c t e d , since
t h i s correspond t o a very inhomogeneous d e p o s i t . I f
the s tructure count f a i l s t h i s t e s t , the pr e c i s i on o f theresult wi l l be uncertain, and if new air s a m p l e s cannotbe c o l l e c t e d , a d d i t i o n a l grid o p e n i n g s may be exam-
ined or the s a m p l e may be prepared by an indirec tmethod.

F.3 C a l c u l a t i o n of the ana ly t i ca l
sensitivity
C a l c u l a t e the required a n a l y t i c a l s e n s i t i v i t y S, ex-pressed in number of s tructures per l i t r e , "using thef o l l o w i n g equation:

where

k
V

kAgV

is the area, in square m i l l i m e t r e s , of sam-p l e c o l l e c t i o n f i l t e r ;
is the area, in square m i l l i m e t r e s , of TEMspe c imen grid o p e n i n g ;
is the number of grid o p e n i n g s e x a m i n e d ;
is the volume of air s a m p l e d , in l i t r e s .

F.4 C a l c u l a t i o n of the mean and
c o n f i d e n c e interval of the structure
concentration
In t h e s truc ture count made ac cord ing t o t h i s I n t e r -n a t i o n a l S t a n d a r d , a number of grid o p e n i n g s have
been s a m p l e d f r o m a p o p u l a t i o n of grid o p e n i n g s , andit is required to de t ermine the mean gr id o p e n i n gs truc ture count for the p o p u l a t i o n on the basis of t h i s
s m a l l s a m p l e . The interval about th e s a m p l e mean
which, with 95 % c o n f i d e n c e , conta ins the p o p u l a t i o nmean, is a l s o required.
F.4.1 C a l c u l a t i o n of the mean structure
concentration
C a l c u l a t e the mean s truc ture c onc en tra t i on C, ex-pres sed in number of s tructures per l i t r e , u s i n g the
f o l l o w i n g equation:
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where
S is the a n a l y t i c a l s en s i t i v i ty , expressed in

number of s truc ture s per l i t r e ;
is the t o t a l number of s tructures f o u n d on
al l grid o p e n i n g s examined.

F.4.2 Cal cu la t i on of confidence Interval s
The d i s t r i b u t i o n of s tructures on the grid o p e n i n g sshould th eor e t i ca l ly approx imat e to a Poisson distri-bution. Because of f i b r e aggregat ion and size-
d e p e n d e n t i d e n t i f i c a t i o n e f f e c t s , t h e actual structurec o u n t i n g data o f t e n does not conform to the Poisson
d i s t r i bu t i on , p a r t i c u l a r l y at high structure counts. Ana s s u m p t i o n that the structure count ing data are dis-t r i b u t e d according to the Poisson d i s t r i b u t i o n canther e f or e lead to c on f id enc e intervals narrower than
are j u s t i f i e d by the data. Moreover, if the Poissond i s t r i b u t i o n is as sumed, the variance is re lated o n l y tothe total number of s tructures counted. T h u s , a par-t i c u l a r structure count conducted on one grid openingis considered to have the same c o n f i d e n c e interval asthat for the same number of s tructures f o u n d on
many grid openings. However, the area of samplea c t u a l l y counted is very small in relation to the totalarea of the f i l t er, and for th i s reason, s tructures s h a l lbe counted on a minimum of f o u r grid o p e n i n g s takenf r o m d i f f e r e n t areas of the f i l t e r in order to ensure that
a r epr e s en ta t iv e e v a l u a t i o n of the d epo s i t is made.
At high structure counts, where there are adequate
numbers of s tructures per grid o p e n i n g to a l l o w a
s a m p l e e s t imat e of the variance to be made, thed i s t r i b u t i o n can be a p p r o x i m a t e d to a Gaus s ian, withind ep enden t values for the mean and variance. Wherethe s a m p l e e s t imate of variance exceeds that i m p l i c i tin the P o i s s o n i a n a s s u m p t i o n , use of Gaus s ian s tat i s-
tics with the variance d e f i n e d by the actual data is themost conservative a p p r o a c h to c a l c u l a t i o n of c o n f i -
dence interval s .
At low s tructure counts, it is not p o s s i b l e to obtain ar e l i a b l e s a m p l e e s t imate of the variance, and thed i s t r i b u t i o n al so becomes asymmetric but not neces-sarily Poissonian. For 30 structures and below, thed i s t r i b u t i o n becomes asymmetric enough for the f i t
to a G a u s s i a n to no longer be a reasonable one, andestimates of s ampl e variance are unrel iable . Accord-ing ly , for counts below 31 s tructures , the a s s u m p t i o nof a Poi s s on d i s t r i b u t i o n s h a l l be made for c a l c u l a t i o nof the c o n f i d e n c e in t e rva l s .

F.4.3 E x a m p l e of ca l cu la t i on of Poissonian , f ,.-9 5 % conf idence intervals F 'v.

For t o t a l structure counts l e s s than 4, the lower
95% c o n f i d e n c e l i m i t corre sponds to J e s s than 1
structure. T h e r e f o r e , it is not mean ing fu l to quote
lower c o n f i d e n c e interval p o i n t s f or s tructure countsof less than 4, and the resul t s h a l l be recorded as"less than" the corre sponding one-sided u p p e r 95 %
conf idence l imit of the Poisson di s tr ibut ion, as f o l -lows:

0 structure = 2,99 times the analyt ical s ens i t ivi ty
1 structure = 4,74 times the a n a l y t i c a l s e n s i t i v i t y
2 structures = 6,30 times the analytical s ensi t ivi ty
3 s tructures = 7,75 times the a n a l y t i c a l s e n s i t i v i t y

For t o ta l counts exceeding 4, the 95 % c o n f i d e n c e
interval sha l l be ca l cu la t ed using the values shown intable F.1. T a b l e F.1 gives the u p p e r and lower l i m i t sof the two-sided Pois sonian 95 % c o n f i d e n c e intervalfor s tructure counts up to 470.
F.4.4 Exampl e of calculation of Gaussian
95 % c o n f i d e n c e intervals
C a l c u l a t e the s a m p l e estimate of variance s2 using thef o l l o w i n g equation:

- - np,)2

where
n, is the number of s tructures on the rth gr ido p e n i n g ;
n Is the total number of s tructures f o u n d ink grid o p e n i n g s ;

Pi is the f r a c t i o n of the t o ta l area examinedrepresented by the zth grid o p e n i n g ;
k is the number of grid o p e n i n g s examined.

If the mean value o f the s tructure count i s c a l c u l a t e dto be n, the u p p e r and lower va lu e s of the G a u s s i a n
95 % c o n f i d e n c e interval are given r e sp e c t iv e ly by

i _ n , ts

and
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ts

where
Ly is the u p p e r 95 % c o n f i d e n c e l i m i t ;
L^ is the lower 95 % c o n f i d e n c e l i m i t ;
n is the t o t a l number of s truc ture s in all grid

o p e n i n g s e xamined;
/ i s t h e value o f Studen t ' s test ( p r o b a b i l i t y

0,975) for (k - 1) degrees o f f r e e d o m ;
s is the s t andard dev ia t ion (square root of

s a m p l e e s t imate o f var iance);
k is the number of grid o p e n i n g s examined.

F.4.5 S u m m a r y o f procedure for c a l c u l a t i o n
of re sul t s
I n summary, s truc ture c o u n t i n g da ta s h a l l b e calcu-
l a t e d a s f o l l o w s :

N o s tructures detected
The s t ru c tur e concentra t ion s h a l l be reported asl e s s than the concentrat ion equival ent ot the one-
s id ed u p p e r 95 % c o n f i d e n c e l i m i t of the P o i s s o n
d i s t r i b u t i o n . T h i s i s equal to 2,99 t imes the analy t-
ical s en s i t i v i ty .
F r o m 1 to 3 structures
W h e n 1 to 3 s truc ture s are c o u n t e d , the re su l t
s h a l l be r e p o r t e d as l e s s than the c o r r e s p o n d i n gone-sided u p p e r 95 % c o n f i d e n c e l i m i t f or the
Pois son d i s t r i b u t i o n . T h e s e are

1 s truc ture = 4,74 times the a n a l y t i c a l sensi-
t i v i t y
2 s tructures = 6,30 times the a n a l y t i c a l sensi-
t i v i t y
3 s truc ture s = 7,75 times the a n a l y t i c a l sensi-
t i v i t y

F r o m 4 to 30 structures
The mean s truc ture concentra t ion and the 95 %
c o n f i d e n c e i n t e r v a l s s h a l l be r e p o r t e d on the basis
o f th e P o i s s o n i a n a s s u m p t i o n , u s ing the va lu e sshown i n t a b l e F . 1 .

More than 30 structures
W h e n more 30 structures are c oun t ed , both the
G a u s s i a n 95 % c o n f i d e n c e in t erval and the
Poi s s on ian 95 % c o n f i d e n c e in t erval s h a l l be cal-c u l a t e d . The larger of these two i n t e r v a l s s h a l l be
used to expres s the pr e c i s i on of the s truc tureconcentrat ion. W h e n the G a u s s i a n 95 % c o n f i -
dence interval i s selected for data r e p o r t i n g , the
P o i s s o n i a n 95 % c o n f i d e n c e interval s h a l l a l s o bement ioned.

F.5 C a l c u l a t i o n o f s tructure l e n g t h ,
width, and aspect ratio di s tr ibut ions
T h e d i s t r i b u t i o n s a l l a p p r o x i m a t e t o l o g a r i t h m i c -normal, and t h e r e f o r e the size range i n t e r v a l s f or cal-c u l a t i o n o f the d i s t r i b u t i o n s h a l l b e s pa c ed
l o g a r i t h m i c a l l y . T h e other charac t e r i s t i c s required f o r
the choice of size in t erva l s are that they s h o u l d a l l o w
for a s u f f i c i e n t number of size c la s s e s , w h i l e s t i l l re-t a i n i n g a s t a t i s t i c a l l y v a l i d number of s t ruc ture s in
each class. I n t e r p r e t a t i o n i s al so f a c i l i t a t e d i f each size
c las s repeat s at 10 in t e rva l s , and if 5 nm is a size c l a s sboundary. A ratio f r o m one c la s s to the next of 1,468
s a t i s f i e s a l l o f the se requirements and t h i s v a l u e s h a l l
be used. The d i s t r i b u t i o n s , b e ing a p p r o x i m a t e l yl o g a r i t h m i c - n o r m a l , when pre s en t ed g r a p h i c a l l y , s h a l lbe p l o t t e d us ing a l o g a r i t h m i c o r d i n a t e s cale and a
G a u s s i a n abscissa.
F.5.1 C a l c u l a t i o n o f s tructure l e n g t h
cumulat ive number d i s t r i b u t i o n
T h i s d i s t r i b u t i o n a l l o w s t h e f r a c t i o n o f t h e t o t a l num-
ber of s truc ture s e i th er shorter or l o n g e r t h a n a g i v e n
l e n g t h to be d e t e r m i n e d . It i s c a l c u l a t e d u s i n g the
f o l l o w i n g equation:

2>
where

C(P)k is the c u m u l a t i v e number p e r c e n t a g e of
s truc ture s which have l e n g t h s l e s s t h a n
the u p p e r bound o f the Ath c l a s s ;

rtj i s the number of s t ruc ture s in the /th
l e n g t h c l a s s ;

P is the t o t a l number of l e n g t h c la s s e s .
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F.5.2 C a l c u l a t i o n of structure wid th
cumulat ive number di s tr ibut ion
This d i s t r i b u t i o n al lows the f r a c t i o n of the total num-
ber of structures either narrower or wider than a givenwidth to be determined. It is calculated in a similar
way to that used in F . 5 . 1 , but using the s truc ture
widths .

F.5.3 C a l c u l a t i o n of structure aspect ratio .,.cumulative number d i s t r ibu t ion f;
T h i s d i s tr ibut ion allows the f rac t i on of the total num-ber of structures which have aspect ratios either
smal l er or larger than a given aspect ratio to be de-
t ermined. It is c a l cu la t ed in a s i m i l a r way to that used
in F . 5 . 1 , but using the structure aspect ratios.

T a b l e F.I — U p p e r and lower l imits of the Poissonian 95 % confidence interval of a count
Structure

count
0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
1920
21
22
23
24
25
26
2728
29
30
3132
33
34
35
36
37
38
39
40
41
42
43
44
45

Lower limit
0

0.025
0,242
0,619
1,0901,624
2.202
2,814
3,454
4,115
4.795
5,491
6.201
6.9227,654
8,396
9.146
9,904
10,668
11.44012.21713,00
13.788
14,581
15,378
16,178
16.983
17,793
18,606
19.42220.241
21.063
21,888
22.715
23.545
24.378
25,213
26,050
26,890
27,732
28,575
29,421
30.269
31.11931.970
32,823

U p p e r limit
3,689"
5,572
7,2258,767
10,242
11,669
13.060
14,42315.764
17,085
18,391
19,683
20.962
22,231
23.490
24.741
25.983
27,219
28,44829.671
30,889
32.101
33.309
34,512
35,711
36,905
38,097
39,284
40,468
41.649
42,827
44,002
45,175
46,345
47,512
48,677
49,840
51,000
52,158
53,315
54,46955,622
56.772
57.92159.068
60.214

Structure
count

46
47
4849
50
51
52
53
54
5556
57
58
59
60
61
62
6364
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
8384
85
8687
88
89
90
91

Lower limit
33.67834.534
35.392
36,251
37,112
37,973
38.837
39,701
40.567
41,43342,301
43,171
44,041
44,912
45,785
46,658
47,533
48,409
49,286
50,164
51,042
51,922
52.803
53.685
54,567
55,451
56,335
57,220
58,106
58,993
59.880
60.768
61,657
62,547
63,437
64,328
65,219
66,11167,003
67.897
68,79069.684
70.579
71,474
72,370
73,267

Upper limit
61,358
62,501
63,642
64,781
65,919
67.056
68,192
69,326
70,459
71,591
72,721
73,851
74,979
76,106
77.23278.357
79,482
80.60581,727
82,848
83.969
85,088
86,207
87.324
88,441
89,557
90,673
91.78792.901
94.014
95,126
96.237
97.348
98,458
99.567
100,68
101.79
102,90
104,00
105,11
106,21
107,32
108,42
109,53
110.63
111,73

Structure
count

929394
95
96
97
98
99100

110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470

Lower limit
74,164
75.061
75.959
76,858
77.757
78,657
79,557
80,458
81.360
90.400
99,490
108,61
117.77
126,96
136,17
145.41
154.66163,94
173.24
182.56
191,89
201,24
210,60
219,97
229,36
238,75
248,16
257.58
267,01
276,45
285,90
295,36
304,82
314.29
323.77
333,26
342,75
352.25
361,76
371,27
380,79
390,32
399,85
409,38
418,92
428,47

U p p e r limit
112,83
113.94
115,04
116,14
117,24
118,34
.119.44
120.53
121,66
132.61
143,52
154,39
165,23
176,04
186,83
197,59
208,33
219,05
229,75
240,43
251,10
261,75272,39
283,01
293.62
304.23314,82
325,39
335,96
346,52
357.08
367,62
378,15
388,68
399,20
409,71
420.22
430,72
441,21
451,69
462,18
472,65
483,12
493,58
504,04
514,50

1) The one-sided u p p e r 95 % c o n f i d e n c e l i m i t for 0 structures is 2.99.
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Annex G( i n f o r m a t i v e )
S t r a t e g i e s f or c o l l e c t i o n o f a ir s a m p l e s

G.1 General
An i m p o r t a n t part of the s a m p l i n g s t r a t e g y is a state-ment of the p u r p o s e of the s a m p l i n g programme. As u f f i c i e n t number of s a m p l e s shou ld be c o l l e c t e d so
that the site is we l l characterized to the pr e c i s i on andaccuracy de s i r ed , and al so ensure that s a m p l e f i l t e r sa p p r o p r i a t e l y l oaded f o r T E M a n a l y s i s a r e ob tainedf r o m a l l o f t h e s a m p l i n g l o c a t i o n s .
G.2 Air s a m p l e c o l l e c t i o n in the
outdoors environment
Weather condit ions restrict the a b i l i t y to co l l ec t satis-f a c t o r y air s a m p l e s in the outdoors environment, andwhenever p o s s i b l e , s a m p l i n g shou ld be carried out inlow-wind, l o w - h u m i d i t y c o n d i t i o n s . D e t a i l e d recordsof the weather c o n d i t i o n s , w i n d s p e e d and d i r e c t i o nd u r i n g th e s a m p l i n g per iod s hou ld b e made. All avail-ab l e i n f o r m a t i o n concerning lo ca l t o p o g r a p h y , and thetype s and p o s i t i o n s of sources should be recorded.
S e q u e n t i a l m u l t i p o i n t s a m p l i n g i s nece s sary.to pro-vide adequate charac t er iza t i on of c o m p l e x s i te s andsources. I t i s recommended t h a t m u l t i p l e s a m p l e s a r etaken upwind and downwind of the s i t e , with a mini-

mum of two sampl e s in the downwind po s i t i on ex-pec t ed to experience the maximum airborne
concentrat ion. The l o ca t i on s o f t h e s a m p l e r s s h o u l dbe c a r e f u l l y recorded.
G.3 Air s a m p l e c o l l e c t i o n ins ide
b u i l d i n g s
Air s a m p l e s are o f t e n c o l l e c t e d i n s i d e b u i l d i n g s inwhich a sb e s t o s - con ta in ing c on s t ru c t i on m a t e r i a l s arepr e s en t , in order to de termine whether these materi-als contribute to the asbestos f i b r e c oncen tra t i on int h e b u i l d i n g a tmosphere . T h e o p t i m u m p o s i t i o n s f o rc o l l e c t i on of air sampl e s can only be de termined a f t e ra c o m p l e t e survey of the b u i l d i n g to e s t a b l i s h airmovement pa t t e rn s . Mult ip l e s a m p l e s s h o u l d be col-l e c t ed in the area where a sbe s to s b u i l d i n g m a t e r i a l sare pr e s en t , and control s a m p l e s s h o u l d be c o l l e c t e din an a d j a c e n t area where no a irborne-asbe s t o s f i b r e swould b e expec t ed. The intakes f or a ir c o n d i t i o n i n gsystems are f r e q u e n t l y used as the c o l l e c t i o n lo-cations f o r control s a m p l e s . Whenever p o s s i b l e , s t a t i cs a m p l e s s h o u l d be taken over a per iod ex c e ed ing4 h d u r i n g normal a c t i v i t y in the b u i l d i n g , at f a c e ve-l o c i t i e s of between 4 c m / s and 25 cm/ s .
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Annex H
( i n f o r m a t i v e )

M e t h o d s for removal o f gypsum f i b r e s
It i s common to f i n d f i b r e s o f calc ium s u l f a t e(gyp sum) in airborne par t i cu la t e s co l lec ted in b u i l d i n g sand urban environments, and p a r t i c u l a r l y in s a m p l e s
c o l l e c t ed where d e m o l i t i o n or construction work is inprogress. The f i b r e s are readily released when plas-ters and cement produc t s are di s turbed. In some cir-
cumstances, p a r t i c l e s of ca l c i t e or d o l o m i t e c o l l e c t e don an air f i l t e r can react with atmospheric s u l f u r diox-
ide, to f o r m l o n g f i b r e s o f gypsum. G y p s u m f i b r e s cangive rise to h igh f i b r e counts by both o p t i c a l andelectron microscopy. The gypsum f i br e s are o f t en
2 urn to 6 jim long, with aspect ratios greater than1 0 / 1 . Somet ime s , these f i b r e s a p p e a r s imi lar toamphibo l e asbestos f i br e s , and in some sample s theycan be m o r p h o l o g i c a l l y very s i m i l a r to chry s o t i l e . Inthe TEM, the larger f i b r e s have high contrast and athigh m a g n i f i c a t i o n o f t e n exhibit a charac t er i s t i c
m o t t l e d appearance which changes under e lec tronbeam irradiation. Some gypsum f i br e s , however, are
not ea s i ly d i s cr iminat ed f r o m asbestos without ex-amina t i on by EDXA. TEM spec imens which containmany such gypsum f i br e s require an extended exam-ination time in the TEM, because it is necessary to

examine each of these f i b r e s by EDXA be for e it canbe rejected.
It is po s s i b l e to remove gypsum f i b r e s s e l e c t i v e ly bywater extraction. A Jaffe washer (7.3.7), or acondensat ion washer (7.3.8), should be p r e p a r e d , butusing a water (6.1) as the solvent. The TEM speci-mens, which have been previously prepared and ini-tially examined in the TEM, s h o u l d be p l a c e d in thewasher t o a l l ow d i s s o l u t i o n o f t h e f i bre s . I f a J a f f e
washer is used, the treatment time can be reducedb y h ea t ing t h e washer t o 9 0 ° C t o 1 0 0 ° C f o r a f e wminutes. If a condensation washer is used, theg y p s u m f i b r e s will be d i s s o lved by treatment for ap-p r o x i m a t e l y 10 min. The e f f e c t of th i s treatment is to
remove the gypsum f ibre s , leaving carbon repl i ca s( 7 . 3 . 1 1 ) which are readi ly d i s t i n g u i s h e d f r o m asbestosf i b r e s .
NOTE 20 T h i s procedure should be used only when ex-amination of the untreated TEM specimen grids shows thegypsum f i b r e s to be i so lated f r o m any asbestos f i b r e spresent. Losses of asbestos f i bre s may occur if matricesof gypsum and asbestos are exposed to this procedure.
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A S B E S T O S ( b u l k ) b y P L M 9002
various M W : various G A S : 1332-21-4 R T E C S : C16475000

METHOD: 9002, I s s u e 2 E V A L U A T I O N : P A R T I A L I s s u e 1: 15 May 1989
I s s u e 2: 15 Augus t 1994

EPA S t a n d a r d ( B u l k ) : 1% P R O P E R T I E S : s o l i d , f i b r o u s , c r y s t a l l i n e , anisotropic

SYNONYMS [CAS #]: actindite [77536-66-4], o r f e r r o a c f i n o l i t e [15669-07-5]; amostte [12172-73-5]; a n t h o p h y i l i t e [77536-67-5];chrysolite [12001-29-5]; serpentine [18786-24-8]; crocidolite [12001-28-4]; tremolite [77536-68-6]; amphibole.

S A M P L I N G M E A S U R E M E N T
B U L K S A M P L E :

S H I P M E N T :

S A M P L ES T A B I L I T Y :
B L A N K S :

1 to 10 grams

seal securely to prevent escape ofasbestos

stable
none required

A C C U R A C Y

R A N G E S T U D I E D ;
B I A S :
P R E C I S I O N :
A C C U R A C Y :

<1% to 100% asbestos
not determined
not determined
not determined

T E C H N I Q U E : M I C R O S C O P Y , S T E R E O A N D
P O L A R I Z E D L I G H T , W I T H
D I S P E R S I O N S T A I N I N G

A N A L Y T E : act inol i t e asbestos, amosite.a n t h o p h y i l i t e asbestos, chrysot i l e ,croc ido l i t e , tremol i t e asbestos
EQUIPMENT: microscope, polarized l ight; 1 00-400Xdi sper s i on s taining objective, stereomicroscope: 10-45X
RANGE: 1 % to 1 00% asbestos
ESTIMATED LOD: <1 % asbestos [1]
PRECISION: , not determined

APPLICABILITY: th i s method is u s e f u l for the qualitative i d e n t i f i c a t i o n of asbestos and the semi-quantitative determination ofasbestos content of b u l k sample s . The method measures percent asbestos as perceived by the analyst in comparison to standardarea p r o j e c t i o n s , photo s , and drawings, or trained experience. The method is not a p p l i c a b l e to sample s conta in ing large amounts off i n e f i b er s below the resolution of the l ight microscope

INTERFERENCES: Other f i b e r s with optical properties s imi lar to the asbestos minerals may give posit ive interferences. Opticalproperties of asbestos may be obscured by coating on the f i b er s . Fibers f i n e r than the resolving power of the microscope (ca. 0.3 urn)wil l not be detected. Heat and acid treatment may alter the index of refraction of asbestos and change its color.

OTHER METHODS: T h i s method ( o r i g i n a l l y designated as method 7403) is des igned for use with NIOSH Method s 7400 (phasecontrast microscopy) and 7402 (electron m i c r o s c o p y / E D S ) . The method is s imilar to the EPA bulk asbestos method [1].
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ASBESTOS ( b u l k ) : METHOD 9002. I s s u e 2, dated 15 A u g u s t 1994 - Page 2 of 9

R E A G E N T S :
1. Refract ive index (Rl) l i q u i d s for Disper s ionS t a i n i n g : h igh-d i sp e r s i on ( H D ) series, 1.550,

1.605, 1.620.2. Refract ive index l i q u i d s : 1.670, 1.680, and1.700.3. Asbestos reference sample s such as SRM#1866, avai lab l e f rom the N a t i o n a l I n s t i t u t e o fS t a n d a r d s and Technology.*4. D i s t i l l e d Water ( o p t i o n a l ) .5. Concentrated HCI: ACS reagent grade.

* S e e S P E C I A L P R E C A U T I O N S

E Q U I P M E N T :
1. S a m p l e containers: screw-top p l a s t i c vials of10- to 50-mL capacity.2. Micro s cope , polarized l i g h t , with polarizer,analyzer, port for retardation p l a t e , 360°graduated rotating stage, subs tage condenserwith iris, l a m p , l a m p iris, and:a. Object ive lenses: 10X, 20X, and 40X ornear equivalent.b. Ocular lense: 10X minimum,c. Eyepiece reticle: crosshair,d. Disper s i on s ta in ing objec t ive lens orequivalent,e. Compensa tor p la t e : ca. 550 nm± 20 nm,retardation: "first order red"compensator.3. Microscope s l ides: 75 mm x 25 mm.4. Cover s l i p s .5. Vent i la t ed hood or negative-pressure glovebox.6. Mortar and pes t l e: agate or porcelain.7. Stereomicroscope , ca. 10 to 45X.8. L i g h t source: incandescent or f l uor e s c en t .9. Tweezers, d i s s e c t i n g needles, s p a t u l a s ,probes, and s c a l p e l s .10. G l a s s i n e p a p e r or clean g la s s p la t e .11. Low-speed hand drill with coarse burr bit( o p t i o n a l ) .

SPECIAL PRECAUTIONS: A s b e s t o s , a human carcinogen, shou ld be handl ed only in an exhaust hood(equipped with a HEPA filter) [2]. Precautions should be taken when co l l e c t ing unknown sample s , whichmay be asbestos, to p r e c l u d e exposure to the person c o l l e c t i n g the s a m p l e and minimize the d i s r u p t i o nto the parent material [3]. Disposal of asbestos-containing materials should f o l l o w EPA Guide l ine s [4].

S A M P L I N G :
1. Place 1 to 10 g of the material to be analyzed in a s a m p l e container.NOTE: For large sample s (i.e., whole ce i l ing t i l e s ) that are f a i r l y homogenous, a representatives m a l l portion should be submit ted for analysis. S a m p l e size should be a d j u s t e d to ensurethat it is representative of the parent material.2. Make sure that s a m p l e containers are t a p e d so they w i l l not open in transi t .3. Ship the s a m p l e s in a rigid container with s u f f i c i e n t pa ck ing material to prevent damage or s a m p l eloss.

S A M P L E P R E P A R A T I O N :
4. V i s u a l l y examine s a m p l e s in the container and with a l o w - m a g n i f i c a t i o n Stereomicroscope in ahood. (If necessary, a s a m p l e may be c a r e f u l l y removed f r o m the container and p laced on g l a s s i n et r a n s f e r p a p e r or clean g l a s s p l a t e for examination). Break off a portion of the s a m p l e and examinethe edges for emergent f i b e r s . N o t e the homogenei ty of the s a m p l e . Some hard t i l e s can bebroken, and the edges examined for emergent f i b er s . If f i b e r s are f o u n d , make an est imate of theamount and type o f f i b e r s pre sent , c o n f i r m f i b e r type ( s t e p 14) and q u a n t i f y ( s t e p 15).5. In a hood, open s a m p l e container and with tweezers remove s m a l l , r epre s enta t ive por t i on s ofth e s a m p l e .1. If there are obvious s eparable layers, s a m p l e and analyze each layer separately.

N I O S H Manual o f A n a l y t i c a l Methods ( N M A M ) , F o u r t h E d i t i o n , 8 / 1 5 / 9 4



of each t y p e of mat er ia l and p l a c e on a g l a s s s l i d e .have t h i n , i n s e p a r a b l e l ayer s , use a s c a l p e l to cut t h r o u g h all the layersn p l e . T h e n cut i t into s m a l l e r pieces a f t e r p l a c i n g Rl l i q u i d on it b e f or e;kness. A l t e r n a t i v e l y , use a low-speed hand drill e q u i p p e d with a burr biti hard t i l e s . Avoid excessive hea t ing of the s a m p l e which may a l t er the3 material.a m p l e o f t e n requires ashing or other sp e c ia l i z ed preparat ion, and mayM s s i o n electron microscopy for de tec t ion of the short asbestos f i b e r s-acteri s t i c o f f l o o r t i l e s .hard p a r t i c l e s , grind it in a mortar. Do not grind so f i n e that f i b e r
"oyed.'tion of the s a m p l e in a hood with an a p p r o p r i a t e solvent to removei n t e r f e r i n g material s which may be present in the sampl e . Makeasbestos material removed by thi s process.; of s a m p l e preparat ion such as acid washing and sodium3 treatment and a s h i n g may be necessary, e s p e c i a l l y to detect lowof asbestos. If needed, u se a s described in Reference [1].Rl l i q u i d on the s l i d e , put a smal l port ion of s a m p l e in the l i q u i d ,smash smal l c l u m p s with the flat end of a s p a t u l a or probe, p r o d u c i n g:les so that better estimates of pro j e c t ed area percentages can bea r t i c l e s on the s l i d e so that they are as homogeneous as p o s s i b l e .of s a m p l e s h o u l d cover the entire area under the cover s l i p , some^ssary to j u d g e the r igh t amount of material to p l a c e on the s l i d e . Toot give s u f f i c i e n t i n f o r m a t i o n and too much s a m p l e cannot be e a s i l y

; O N T R O L :
.h day of operation. W i p e microscope s l i d e s and cover s l i p s with lense f r a c t i v e index l i q u i d s . Record r e su l t s in a s eparat e logbook.tf the r e f rac t iv e index l i q u i d s used once per week of operation. Record3gbook.5 t r u c t i o n s f or i l l u m i n a t i o n , condenser a l i g n m e n t and other microscopea d j u s t m e n t s prior to each s a m p l e set.e n t i f i e d asbestos species by comparison to standard pro j e c t i on se de t e c t ed in a homogeneous s a m p l e , examine at least two a d d i t i o n a lng that no asbestos is present.l i o n t echnique m i g h t not be able to produce a homogeneous or•: s l i d e , prepare a d u p l i c a t e s l i d e and average the r e su l t s . O c c a s i o n a l l y ,jry g r e a t l y , it wil l be necessary to prepare a d d i t i o n a l r e p l i c a t e s l i d e s and,lts. Prepare d u p l i c a t e s l i d e s of at least 10% of the s a m p l e s analyzed.t i n g .p i e s of known asbestos content.a n a l y t i c a l method shou ld p a r t i c i p a t e in th e N a t i o n a l V o l u n t a r ygram [5] or a s i m i l a r in t er laboratory q u a l i t y control program. Eache f o r m a l t r a i n i n g in po lar ized l i g h t micro s copy and it s a p p l i c a t i o n toof f o r m a l t r a i n i n g , laboratory t r a i n i n g in asbestos b u l k ana ly s i s underestos b u l k analyst may be s u b s t i t u t e d . Owing to the s ub j e c t i v e naturet i c e is e s s ent ia l in order to remain p r o f i c i e n t in e s t ima t ing p r o j e c t e d

asbes to s minera l s u s i n g the op t i ca l p rop er t i e s o f m o r p h o l o g y ,
inual o f A n a l y t i c a l M e t h o d s ( N M A M ) , F o u r t h Ed i t i on . 8 / 1 5 / 9 4

i l i k e most other a n a l y t i c a lid j u d g m e n t of the analys t .. Various proceduresf o l l o w i n g s tep-wisei p r e v i o u s l y o u t l i n e d .r such that the polars arel i n g t h e m o r p h o l o g y f o r t h eirations. If no f i b e r s ar emtain asbes tos , and s t o p the
•e fu l ly crossed. If a l l o f thebers are not asbestos,suspect s a m p l e s , aret ions , report no asbestos
i g l e o f ex t inc t ion. Except for, the other f o rms of asbestosl l e l and ob l ique e x t i n c t i o n ,l e t ermine the sign ofi except f o r c r o c ido l i t e . I f
ar t i cu lar microscopee the direc t ion (NE-SW or;ign of e l ongat i on .Examine under p l a n ein t er fa c e (i.e., index ofiber m o r p h o l o g y f or t w i s t e d ,ed , r i bbon- l ik e m o r p h o l o g y>e necessary to cross thean exact match at 1.550. IfJ t h e r w i s e continue.Observation of d i s p e r s i o nlose, which is a common5 d i s p e r s i o n s t a i n i n g colors.
nine under p l a n e - p o l a r i z e d5 wil l be s t r a i g h t , with r igidlochroic, i.e., it wil l a p p e a r tod l i g h t . I n s e r t the d i s p e r s i o nd magenta and b lu ele to see because of thed o l i t e , go to s t ep 15 for
/ e d t h e f i b e r m o r p h o l o g y f o rr t- l ike or s p layed ends. If th eion s t a i n i n g object ive. Blueid g o l d and b lue colorslis test, go to s t e p 15 for

1.605 H D R I l i q u i d ,i c l i t e asbestos. T h el e species. A n t h o p h y l l i t el l e l ex t inc t ion. A c t i n o l i t e h a some p l e o chro i sm. For a l l
5/94



A n t h o p h y l l i t e will exhibit central s t op colors of b lue and g o l d / g o l d - m a g e n t a ; t r e m o l i t e will exhibitp a l e b lue and y e l l o w ; and a c t i n o l i t e w i l l exhibit magenta and g o l d e n - y e l l o w colors.NOTE: In th i s refract ive index range, w o l l a s t o n i t e i s a common i n t e r f e r i n g mineral with s i m i l a rm o r p h o l o g y i n c l u d i n g the presence of cleavage f r a g m e n t s . It has both po s i t i v e andnegative s ign of e l o n g a t i o n , p a r a l l e l e x t inc t i on, and central s t op d i s p e r s i o n s t a i n i n gcolors o f p a l e yel low and p a l e y e l l ow to magenta. If f u r t h e r c o n f i r m a t i o n o fw o l l a s t o n i t e versus a n t h o p h y l l i t e is needed, go to s t ep "j". If any of the above f o r m s ofasbestos were c on f i rmed above, go to s t ep 15 for quant i ta t ive estimation. If none ofthe test s above conf irmed asbestos f i b e r s , examine the a d d i t i o n a l prepara t i on s and ifthe same result occurs, report the absence of asbestos in thi s sample .j. W a s h a small por t ion of the s a m p l e in a d r o p of concentrated hydrochlor i c acid on a s l i d e .Plac e the s l i d e , with cover s l i p in p lace , on a warm hot p l a t e unt i l dry. By c a p i l l a r y action, p la c e1.620 Rl l i q u i d under the cover c l i p and examine the s l i d e . W o l l a s t o n i t e f i b e r s wi l l have a"cross-hatched" appearance across the l e n g t h of the f i b e r s and wi l l not show central s t opd i sp er s i on colors. A n t h o p h y l l i t e and tr emol i t e w i l l s t i l l show their original d i sp er s i on colors.NOTE: T h e r e are a l t ernat ive ana ly s i s procedures to the step-wise a p p r o a c h ou t l ined abovewhich wi l l y i e ld equivalent results. S o m e of these al t ernat ive s are:i. Perform the i n i t i a l scan for the presence of asbestos using crossed polars as wellas the f i r s t - o r d e r red compensator. T h i s a l lows for s imul taneous viewing ofb i r e f r i n g e n t and amorphous mater ia l s as well as determine their s ign of e longation.Some f i b e r s which are covered with mortar may best be observed using thisc o n f i g u r a t i o n .ii. Some analys t s p r e f e r to mount th e i r f i r s t pr epara t i on in a Rl l i q u i d d i f f e r e n t thanany asbestos materials and conduct their init ial examination under plane-polarizedl i g h t .i i i . If a l t ernat ive Rl l i q u i d s ar e used f r o m those s p e c i f i e d , d i s p e r s i o n s t a in ing colorsobserved will also change. Refer to an appropr ia t e reference for the s p e c i f i ccolors associated with asbestos in the Rl l i q u i d s a c t u a l l y used.

Q U A N T I T A T I V E A S S E S S M E N T :
15. Estimate the content of the asbestos type present in the sample using the 1.550 Rl preparation.Express the e s t imate as an area percent of all material pre sent , taking into account the l o a d i n g andd i s t r i b u t i o n of all s a m p l e material on the s l i d e . Use F i g u r e 1 as an aid in arriving at your estimate.If addi t ional u n i d e n t i f i e d f i b e r s are present in the s a m p l e , continue with the qualitative measurement(st ep 14).NOTE: Point-count ing techniques to determine percentages of the asbestos minerals are notgenerally recommended. The point-counting method only produces accurate quantitativedata when the material on the s l i d e is homogeneous and has a uni f orm thickness , which isdifficult to obtain [ 6 ] . The p o i n t - c o u n t i n g technique is, recommended by the EPA todetermine the amount of asbestos in bulk [1]; however, in the more recent Asbestos HazardEmergency Response Act (AHERA) r e g u l a t i o n s , asbestos q u a n t i f i c a t i o n may be per formedby a po in t- count ing or equivalent e s t imat ionmethod [7].16. Make a quanti tat ive estimate of the asbestos content of the s a m p l e f r o m the a p p r o p r i a t ecombination of the estimates from both the gross and microscopic examinations. If asbestos f i b e r sare i d e n t i f i e d , report the material as "asbestos-containing". Asbestos content should be reported asa range of percent content. The range reported should be indi ca t ive of the analyst's precision ine s t ima t ing asbestos content. For greater quant i t i e s use F i g u r e 1 in arriving at your estimate.

E V A L U A T I O N O F M E T H O D :
The method is c o m p i l e d from s tandard techniques used in mineralogy [8-13], and f r o m s tandardlaboratory procedures for bu lk asbestos ana ly s i s which have been u t i l i z e d for several years. T h e s e
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r epr e s en ta t iv e por t i on s of each t y p e of mater ia l and p l a c e on a g l a s s s l i d e ,c. On hard t i l e s that may have t h i n , i n s e p a r a b l e layers, use a s c a l p e l to cut t h r o u g h all the layersfor a r epre s enta t ive s a m p l e . T h e n cut it into s m a l l e r pieces a f t e r p l a c i n g Rl l i q u i d on it b e foretrying to reduce the thicknes s . A l t e r n a t i v e l y , use a low-speed hand drill e q u i p p e d with a burr bitto remove material f r o m hard t i l e s . Avoid excessive hea t ing of the s a m p l e which may al t er theop t i ca l p rop er t i e s of the material.NOTE: T h i s type of s a m p l e o f t e n requires a sh ing or other sp e c ia l i z ed p r e p a r a t i o n , and mayrequire transmi s s i on electron microscopy for de t e c t ion of the short asbestos f i b e r swhich are characteri s t ic of f l o o r t i l e s ,d. If the s a m p l e has l a r g e , hard p a r t i c l e s , grind it in a mortar. Do not gr ind so f i n e that f i b e rcharacteri s t i c s are destroyed.e. If necessary, treat a por t i on of the s a m p l e in a hood with an a p p r o p r i a t e solvent to removebinders , tars, and other i n t e r f e r i n g material s which may be present in the s a m p l e . Makecorrections for the non-asbestos material removed by thi s process.NOTE: Other methods of s a m p l e preparat ion such as acid washing and sodiumm e t a p h o s p h a t e treatment and a sh ing may be necessary, e s p e c i a l l y to detect lowconcentrations of asbestos. If needed, use as described in Reference [1].6. After p l a c i n g a few drop s of Rl l i q u i d on the s l i d e , put a s m a l l por t ion of s a m p l e in the l i q u i d .T e a s e apart with a needl e or smash smal l c l u m p s with the flat end of a s p a t u l a or probe, p r o d u c i n ga u n i f o r m thicknes s or p a r t i c l e s so that better e s t imates of pro j e c t ed area percentages can bemade. Mix the f i b e r s and p a r t i c l e s on the s l i d e so that they are as homogeneous as p o s s i b l e .NOTE: An even d i s p e r s i o n of s a m p l e should cover the entire area under the cover slip, somepract ice will be necessary to j u d g e the right amount of material to p l a c e on the s l i d e . Toolittle s a m p l e may not give s u f f i c i e n t i n f o r m a t i o n and too much s a m p l e cannot be e a s i l yanalyzed.

C A L I B R A T I O N A N D Q U A L I T Y C O N T R O L :
7. Check for contaminat ion each day of operation. W i p e microscope s l i d e s and cover s l i p s with lensp a p e r be fore us ing. Check re frac t ive index l i q u i d s . Record r e su l t s in a s eparate logbook.8. V e r i f y the re frac t ive indice s of the refractive index l i q u i d s used once per week of operation. Recordthese checks in a separate logbook.9. F o l l o w the m a n u f a c t u r e r ' s in s t ru c t i on s for i l l u m i n a t i o n , condenser a l ignment and other microscopea d j u s t m e n t s . P e r f o r m these a d j u s t m e n t s prior to each s a m p l e set.10. Determine percent of each i d e n t i f i e d asbestos spec i e s by comparison to s tandard p r o j e c t i o n s( F i g u r e 1) [1]. If no f i b e r s are de tec ted in a homogeneous s a m p l e , examine at least two a d d i t i o n a lprepara t i on s be fore c o n c l u d i n g that no asbestos is present.11. If it appear s that the p r e p a r a t i o n t e chnique might not be able to produce a homogeneous orrepre sentat ive s a m p l e on the s l i d e , p r e p a r e a d u p l i c a t e s l i d e and average the r e s u l t s . O c c a s i o n a l l y ,when the d u p l i c a t e r e s u l t s vary grea t ly , it w i l l be necessary to prepare a d d i t i o n a l r e p l i c a t e s l i d e s andaverage all the r e p l i c a t e r e su l t s . Prepare d u p l i c a t e s l i d e s of at l eas t 10% of the s a m p l e s analyzed.Average the r e su l t s f or r e p o r t i n g .12. A n a l y z e about 5% b l i n d s ampl e s of known asbestos content.13. Laboratories p e r f o r m i n g t h i s ana ly t i ca l method s h o u l d p a r t i c i p a t e in the N a t i o n a l V o l u n t a r yLaboratory A c c r e d i t a t i o n Program [5] or a s i m i l a r interlaboratory q u a l i t y control program. Eachanalys t s h o u l d have c o m p l e t e f o r m a l t r a i n i n g in po lar ized l i g h t micro s copy and i t s a p p l i c a t i o n toc r y s t a l l i n e material s . In l i eu o f f o r m a l t r a i n i n g , laboratory t r a i n i n g in asbestos b u l k a n a l y s i s underthe d ir e c t i on of a trained asbestos b u l k analyst may be s u b s t i t u t e d . Owing to the s u b j e c t i v e natureof the m e t h o d , f r e q u e n t prac t i c e is e s sential in order to remain p r o f i c i e n t in e s t i m a t i n g p r o j e c t e darea percentage s .

Q U A L I T A T I V E A S S E S S M E N T :
14. S c a n the s l i d e to i d e n t i f y any asbestos minera l s u s ing the o p t i c a l p r o p e r t i e s o f m o r p h o l o g y ,

N I O S H Manual o f A n a l y t i c a l Method s ( N M A M ) , F o u r t h E d i t i o n , 8 / 1 5 / 9 4



NOTE: I d e n t i f i c a t i o n o f asbestos us ing p o l a r i z e d l i g h t microscopy i s u n l i k e most other a n a l y t i c a lmethods . The q u a l i t y of the r e su l t s is d e p e n d e n t on the s k i l l and j u d g m e n t of the analyst .T h i s method does not lend i t s e l f ea s i ly to a step-wise approach. Various proceduresdevised by d i f f e r e n t ana ly s t s may y i e l d equivalent re sul t s . The f o l l o w i n g s tep-wiseprocedure r e p e a t e d l y u t i l i z e s the s a m p l e preparation procedure prev iou s ly o u t l i n e d .a. Prepare a s l i d e u s i n g 1.550 HD Rl l i q u i d . Adjust the p o l a r i z i n g filter such that the po lars arep a r t i a l l y crossed, with ca. 15° o f f s e t . Scan the preparation, examining the morphology for thepresence of f iber s . If no f i b e r s are f o u n d , scan the a d d i t i o n a l preparat ions . If no f i b e r s aref ound in any of the preparat ions , report that the sample does not contain asbestos, and s top theanalys i s at th i s po int .b . If f i b e r s ar e f o u n d , a d j u s t t h e p o l a r i z i n g f i l t e r such that t h e po lar s ar e f u l ly crossed. If a l l o f t h ef i b e r s are i s o t rop i c ( d i s a p p e a r at all angle s of ro ta t i on) then those f i b e r s are not asbestos.F i b r o u s g la s s and mineral wool, which are common component s of suspect s a m p l e s , arei sotropic . If on ly i so tropi c f i b e r s are f o u n d in the addi t i onal preparat ions , report no asbestosf i b e r s de tec ted, and s top the analysi s .c. If anisotropic f ib er s are f o u n d , rotate the stage to determine the angle of extinction. Except fort r e m o l i t e - a c t i n o l i t e asbestos which has obl ique ext inction at 10-20°, the other f o rms of asbestosexhibit para l l e l extinction ( T a b l e 1). T r e m o l i t e may show both para l l e l and oblique extinction.d. I n s e r t the f i r s t order red compensator p l a t e in the microscope and determine the s ign ofelongation. All f orms of asbestos have a positive sign of elongation except for crocidolite. Ifthe s ign of e longat ion observed is negative, go to s t ep "g."NOTE: To determine the direc t ion of the sign of e l ongat ion on a p a r t i c u l a r microscopec o n f i g u r a t i o n , examine a known chryso t i l e s a m p l e and note the d ir e c t i on (NE-SW orNW-SE) of the blue coloration. C h r y s o t i l e has a po s i t ive s ign of e longation.e. Remove the f i r s t - o r d e r red compensator and uncross the polarizer. Examine under p l a n epo lar iz ed l i g h t for b lue and gold-brown Becke colors at the f i b e r - o i l in t e r fa c e (i.e., index ofrefraction match). Becke colors are not always evident. Examine f i b e r morpho logy for twis ted,wavy b u n d l e s of f i b e r s which are characteristic of chrysotile. T w i s t e d , r ibbon-like m o r p h o l o g ywith c e l l u l a r internal features may indicate c e l lu l o s e f ibers . It may be necessary to cross thepo lar s p a r t i a l l y in order to see the f i b e r s if the index of refraction is an exact match at 1.550. Ifthe f i b e r s appear to have higher index of r e f rac t i on , go to s t ep "h," otherwise continue.f . I d e n t i f i c a t i o n o f chry so t i l e . I n s e r t the d i s p e r s i o n s t a i n i n g objective. Observation of d i s p e r s i o ns t a i n i n g colors of blue and blue-magenta c on f i rms chryso t i l e . C e l l u l o s e , which is a commoni n t e r f e r i n g f i b e r at the 1.550 index of r e f ra c t i on , wi l l not exhibit these d i s p e r s i o n s t a i n i n g colors.If c h ry s o t i l e i s f o u n d , go to s t e p 15 for quant i ta t ive e s t imation.g. I d e n t i f i c a t i o n of crocidoli te. Prepare a s l i d e in 1.700 Rl l i q u i d . Examine under plane-polarizedl i g h t (uncrossed p o l a r s ) ; check for m o r p h o l o g y of croc idol i t e . F i b e r s wi l l be s t r a i g h t , with r igidappearance, and may appear blue or purple-b lue . Crocidol i t e is pleochroic, i.e., it will appear tochange its color ( b l u e or gray) as it is rotated through p l a n e po lar ized l i g h t . I n s e r t the d i s p e r s i o ns ta ining objective. The central s top di spers ion s taining color are red magenta and bluemagenta, however, these colors are sometimes difficult to i m p o s s i b l e to see because of theopac i ty of the dark b lue f i b e r s . If observations above i n d i c a t e c ro c ido l i t e , go to s t e p 15 forq u a n t i t a t i v e e s t imation.h. I d e n t i f i c a t i o n of amosite. Prepare a s l i d e in 1.680 Rl l i q u i d . Observed the f i b e r m o r p h o l o g y foramosite characteristics: s traight f i b e r s and f i b e r bund l e s with broom-like or s p l a y e d ends. If them o r p h o l o g y matches amosite, examine the f i b e r s u s ing the d i s p e r s i o n s t a i n i n g objective. Blueand p a l e blue colors indicate the cummingtonite form of amosite, and go ld and blue colorsind i ca t e the gruner i t e f o rm of amosite. If amosite i s conf irmed by th i s t e s t , go to s t ep 15 forquantitative estimation, otherwise continue.

i . I d e n t i f i c a t i o n o f a n t h o p h y l l i t e - t r e m o l i t e - a c t i n o l i t e . Prepare a s l i d e in 1.605 HD Rl l i q u i d .Examine m o r p h o l o g y f or compari son t o a n t h o p h y l l i t e - t r e m o l i t e - a c t i n o l i t e asbestos. There frac t ive i n d i c e s for these f o r m s of asbestos vary n a t u r a l l y w i th in the species. A n t h o p h y l l i t ecan be d i s t i n g u i s h e d f r o m a c t i n o l i t e and t r e m o l i t e by its nearly p a r a l l e l ex t inc t ion. A c t i n o l i t e hasa l i g h t to dark green color under plane-polarized l i g h t and exhibits some pleochroism. For all
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n ay memo may aiau uc pi coci a. i _ A a u i i u c u b i i i y me L-enua i b i u p U l b p e i S I U d S t a i n i n g O D j e c t l V G .A n t h o p h y l l i t e w i l l e x h i b i t central s t o p colors o f b l u e a n d g o l d / g o l d - m a g e n t a ; t r e m o l i t e w i l l e xh i b i tp a l e b lu e and y e l l o w ; and a c t i n o l i t e w i l l exhib i t magenta and g o l d e n - y e l l o w colors.NOTE: In t h i s r e f ra c t iv e index range, w o l l a s t o n i t e i s a common i n t e r f e r i n g mineral with s i m i l a rm o r p h o l o g y i n c l u d i n g the presence o f cleavage f r a g m e n t s . It ha s both po s i t iv e andnegative s ign of e l o n g a t i o n , p a r a l l e l ex t inc t ion, and central s t op d i s p e r s i o n s t a in ingcolors o f p a l e ye l low and p a l e y e l l o w to magenta. If f u r t h e r c o n f i r m a t i o n o fw o l l a s t o n i t e versus a n t h o p h y l l i t e is needed, go to s t ep "j". If any of the above f o r m s ofasbestos were conf irmed above, go to s t e p 15 for quant i ta t iv e e s t imation. If none ofthe t e s t s above c on f i rmed asbestos f i b e r s , examine the a d d i t i o n a l p r epara t i on s and ifthe same result occurs, report the absence of asbestos in th i s s a m p l e .j. W a s h a smal l por t i on of the s a m p l e in a d r o p of concentrated hydroch lor i c acid on a s l i d e .Place the s l i d e , wi th cover s l i p in p la c e , on a warm hot p l a t e u n t i l dry. By c a p i l l a r y action, p l a c e1.620 Rl l i q u i d under the cover c l i p and examine the s l i d e . W o l l a s t o n i t e f i b e r s w i l l have a"cross-hatched" appearance across the l e n g t h of the f i b e r s and will not show central s t opd i s p e r s i o n colors. A n t h o p h y l l i t e and t r emo l i t e wi l l s t i l l show the i r or ig ina l d i s p e r s i o n colors.NOTE: T h e r e are al t ernat ive ana ly s i s procedures to the s tep-wise a p p r o a c h out l ined abovewhich w i l l yield equivalent re su l t s . S o m e of these a l t e rna t iv e s are:i. P e r f o r m the i n i t i a l scan for the presence of asbestos u s ing crossed polars as wellas the f i r s t - o r d e r red compensator. T h i s a l l o w s for s imu l taneou s viewing ofb i r e f r i n g e n t and amorphous mat er ia l s as wel l as determine the i r s ign of e l ongat ion.Some f i b e r s which are covered with mortar may best be observed u s ing thi sc o n f i g u r a t i o n .ii. Some analys t s p r e f e r to mount the ir f i r s t p r epara t i on in a Rl l i q u i d d i f f e r e n t thanany asbestos mater ia l s and conduct th e i r i n i t i a l examination under p l a n e - p o l a r i z e dl i g h t .i i i . If a l t ernat ive Rl l i q u i d s are used f rom those s p e c i f i e d , d i s p e r s i o n s t a i n i n g colorsobserved will al so change. Ref er to an a p p r o p r i a t e reference for the s p e c i f i ccolors associated with asbestos in the Rl l i q u i d s a c t u a l l y used.

Q U A N T I T A T I V E A S S E S S M E N T :
15. E s t i m a t e the content of the asbestos t y p e present in the s a m p l e us ing the 1.550 Rl prepara t i on .Expre s s the e s t imate as an area percent of all material pre s ent , t a k i n g into account the l o a d i n g andd i s t r i b u t i o n of all s a m p l e material on the s l i d e . Use F i g u r e 1 as an aid in arriving at your estimate.I f a d d i t i o n a l u n i d e n t i f i e d f i b e r s a r e present i n t h e s a m p l e , cont inue with t h e q u a l i t a t i v e measurement( s t e p 14).NOTE: P o i n t - c o u n t i n g t echniques to determine percentage s of the asbestos minerals are notg e n e r a l l y recommended. The p o i n t - c o u n t i n g method o n l y p r o d u c e s accurate quant i ta t iv eda ta when the material on the s l i d e is homogeneous and has a u n i f o r m t h i c k n e s s , which isdi f f i cul t to obtain [6]. The p o i n t - c o u n t i n g t e chn ique i s , recommended by the EPA todetermine the amount of asbestos in b u l k [1]; however, in the more recent Asbe s t o s HazardEmergency Response Act (AHERA) r e g u l a t i o n s , asbestos q u a n t i f i c a t i o n may be p e r f o r m e dby a p o i n t - c o u n t i n g or equivalent e s t i m a t i o nmethod [7].16. Make a q u a n t i t a t i v e e s t imate of the asbestos content of the s a m p l e f r o m the a p p r o p r i a t ecombinat ion of the e s t imates from both the gross and microscopic examinations . If asbestos f i b e r sare i d e n t i f i e d , report the material as "asbestos-containing". Asbe s t o s content s h o u l d be reported asa range of percent content. The range reported should be indicat ive of the analyst's precision ine s t i m a t i n g asbestos content. For greater q u a n t i t i e s use F i g u r e 1 in arriving at your estimate.

E V A L U A T I O N O F M E T H O D :
The method i s c o m p i l e d f r o m s tandard t echniques used in m i n e r a l o g y [ 8 - 1 3 ] , and f r o m s tandardlabora tory procedure s for b u l k asbestos a n a l y s i s which have been u t i l i z e d for several years. T h e s e
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Assuranc e program s a m p l e s since iao^ i i,oj. nuwever, oo l o r i n a i e v a l u a t i o n or mis rnemoa, as wr i t t en ,has been p e r f o r m e d .
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ASBESTOS (bulk): METHOD 9002. I s s u e 2, dated 15 A u g u s t 1994 - Page 7 of 9

F i g u r e 1 . P e r c e n t e s t i m a t e c ompara t or
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ASBESTOS ( b u l k ) : METHOD 9002. I s s u e 2, dated 15 A u g u s t 1994 - Page 8 of 9

T a b l e 1. Optical Properties of Asbestos Rbers

Mineral
Chrysoti le

Cummingtonite-Grunerite(Amosite)

C r o c i d o f i t e( R i e b e c k f t e )

A n t h o p h y l l i t e

Tremolite-Actinoli te

Morphology and Color
Wavy fibers with kinks.S p l a y e d ends on largerbundles. Colorless to lightbrown upon being heated.Nonpteochroic . Aspectratio typically>10:1.
Straight f ibers and f iberbundles. Bundle endsappear broom-like orsp layed. Colorless tobrown upon heating. Maybe weakly pleochroic.Aspect ratio t y p i c a l l y >1 0: 1 .
Straight f i b er s and f i b erbundles. Longer f ibersshow curvature. Splayedends on bundles.Characteristic blue color.Pleochroic. Aspect ratiot y p i c a l l y >1 0:1.
Straight f ibers and f iberbundles. Cleavagefragments may be present.Colorless to light brown.Nonpteochroic to weaklypleochroic. Aspect ratiogenerally <10:1.
Straight and curved f iber s .Cleavage fragmentscommon. Large f iberbundles show splayedends. Tremol i t e i scolorless. A c t i n d i t e i sgreen and weakly tomoderately pleochroic.Aspect ratio generally<10:1.

Refractive Index( Approximate Value s)
I t oElongation

1.54

1.67

1.71

1.61

1.60-1.62(tremolite)

1.62-1.67
(ac t ino l t e)

I t oElongation
1.55

1.70

1.70

1.63

1.62-1.64(tremolite)

1.64-1.68(act inol i t e)

Birefringence
0.002 - 0.014

0.02 - 0.03

0.014-0.016Interference colorsmay be masked byblue color.

0.019-0.024

0.02-0.03 ;
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ASBESTOS (bulk): METHC'D 9002. I s s u e 2, dated 15 Augus t 1994 - Page 9 of 9

T a b t $ 1 . Optical Properties of Asbestos Fibers (Cont inued)

Mineral
Chryso t i l e

Cummingtonite-Grunerite(Amosrte)

Cummington i t eGrunerite

Croc ido l i t e( R i e b e c k f t e )

A n t h o p h y l l i t e

Tremolite-Act ino l i t e

Extinction
Parallel to f i b e rl ength
Parallel to f iberlength

Parallel to f i b e rl eng th

Paralle l to f i b e rl eng th

Oblique -10 to20° for fragments .Some compositef ibers show |extinction.

S i g n ofElongation
+ (length s low)

+ ( l e n g t h slow)

- ( l e n g t h f a s t )

+ ( l e n g t h s low)

+ (l eng th slow)

Central S t o p Dispersion S t a i n i n g Colors

Rl Liquid
1.550*°

1.670
Fibers subjectedto hightemperatures willnot dispersion-stain.1.6801.680

1.700

1.680
1.605"°

1.620™
1.60510

I t oVibration
Blue

Red magenta toblue

pa l e blueblue

Red magenta

yellow
Blue

Blue-green
Pale blue(tremoli te)

Y e l l o w( a c t i n o l i t e )

I t oVibration
Blue-magenta

Y e l l o w

bluegold

Blue-magenta

pale yellow
Gold to go ld-magenta
Golden-ye l l ow
Y e l l o w(tremolite)

Pale yellow(act inol i t e)
HD = high-dispersion Rl liquid series.
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